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Activity and Properties of para-Aminobenzyl Penicillin 


GLENN A. Brewer, Jr., AND Marvin J. JOHNSON 


Department of Biochemistry, University of Wisconsin, Madison, Wisconsin 


Received for publication January 2, 


Eagle (1947a) has shown that p-hydroxybenzyl peni- 
illin (X) was more effective than benzyl penicillin 
(;) in curing mice infected with Streptococcus pyogenes 
Hewitt and Pittman 
1946) have obtained similar results in animals infected 
vith Hemophilus influenzae. It was further shown that 
penicillin X remains in the blood of human subjects 
longer than penicillins G or KX (Eagle, 1947b). It may 
be seen from these experiments that penicillins X and 
(; differ in their therapeutic usefulness. 


and Streptococcus pneumoniae. 


The introduction of the phenolic hydroxyl group in 
benzyl penicillin to give rise to penicillin X is accom- 
panied by increased water solubility (Clarke et al., 
(49a). This property is also reflected in the paper 
chromatographic behavior; that is, penicillin X has a 
relatively ‘low Rf value compared to those for peni- 
cillins G, F, dihydro F, and K (Karnovsky and John- 
son, 1949). 

In this study a penicillin more hydrophilic than 
penicillin X was sought fora comparison with penicillin 
(G. For this purpose a group of compounds were tested 
for their ability to act as precursors for such a penicillin. 
In order to facilitate the selection of the proper pre- 
cursor a paper chromatographic method was employed. 
Of the several precursors tested, only five produced 
penicillins with a lower Rf value than that of penicillin 
X. Among these, p-aminobenzyl penicillin was chosen 
fe the work described in this paper. Although the 
formation of this penicillin has been reported previously 
Corse et al., 1948; Clarke et al., 1949b), its properties 
or partial purification have not been described. 


MATERIALS AND METHODS 


Production of the penicillins. Spores of Penicillium 
chrysogenum strain, W49-133, carried on a soil stock 
were transferred to the agar sporulation medium of 
Gailey et al., (1946). A spore suspension prepared from 
these plates was used as inoculum for the synthetic 
inoculum medium of Jarvis and Johnson (1947). After 
{0 hours of incubation at 25 C on a Gump rotary shaker 
(270 cycles per minute), the vegetative inoculum was 
transferred into the synthetic fermentation medium 
of Thorn and Johnson (1950) and was incubated under 
the same conditions. After an initial growth period of 
24 hours the appropriate precursors were added twice 
daily as aqueous solutions of the sodium salts at a level 
of 0.01 per cent. The flasks were harvested at about 
100 hours. 
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Preparation of precursors. p-Aminophenylacetic acid 
was prepared from p-nitrobenzyleyanide according to 
the method described in Organic Synthesis (Gilman and 
Blatt, 1948). The final product had a melting point of 
197 C (reported 199 to 200 C). p-Hydroxyphenylacetic 
acid was prepared by the decomposition of the diazo- 
nium salt of p-aminophenylacetic acid (melting point 
observed 148 C, reported 148 C). 

Paper chromatographic method. The chromatographic 
method of Karnovsky and Johnson (1949) has been 
modified to give a better resolution of the polar peni- 
cillins. The original method suffered from the fact that 
the water phase frequently separated from the ether 
phase, thus causing Wwaterlogging of the strips. In the 
present method the chromatogram is developed at 25 C 
with ether equilibrated against 28 per cent (wt/wt) 
ammonium sulfate solution. 

The ether was purified according to the original 
method and equilibrated at 25 C against the ammonium 
sulfate solution prepared by dissolving 40 g of the salt 
in 100 g of water. Filter paper strips (0.5 inch wide, 
Eaton-Dikeman no. 613) were impregnated with 10 
per cent (wt/v) potassium citrate buffers of pH 5.0, 
5.5, 6.0, or 6.5. The pH of the buffer determined the 
rate of movement of the various penicillins on the 
developing strip. For example, penicillin G varied in 

tf value from 0.20 at pH 6.5 to Rf 0.58 at pH 5.5. A 
pH of 6.5 was used to resolve the non-polar penicillins 
whereas a pH of 5.5 gave satisfactory Rf values for the 
polar penicillins encountered in this work. After devel- 
opment the strips were assayed by the method of 
squares described by Karnovsky and Johnson (1949). 

Microbiological assay of penicillin. Penicillin in broth 
samples was assayed by the Oxford cup plate method 
with Micrococcus pyogenes var. aureus, strain H, as the 
assay agent. The paper chromatograms were assayed 
by the method of squares either by plate or turbidi- 
metric assay. W/. pyogenes var. aureus, Bacillus subtilis, 
Marburg type, and Sarcina lutea were used for the 
plate assays, while W/. pyogenes var. aureus and Strepto- 
coccus lactis, strain Rogers, were used as assay agents in 
the turbidimetric assay. Except for the strain of Sar- 
cina lutea, which was obtained from E. R. Squibb and 
Sons, (New Brunswick, N. J.) the cultures used were 
supplied by Professor E. McCoy of the Department of 
Bacteriology, University of Wisconsin. The rough stage 
of Bacillus subtilis was obtained by four successive 12- 
hour transfers in nutrient broth, followed by plating 
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and selection of a colony of rough morphology. The 
culture was then held in the rough stage by 24-hour 
transfers. 

The agar medium used for the plate assay was the 
same as that for the Oxford cup plate method. The 
turbidimetric assay medium differed for each organism. 
That for M. pyogenes var. aureus consisted of 1 per 
cent glucose, 0.3 per cent peptone, 0.3 per cent yeast 
extract and 0.5 per cent phosphate buffer adjusted to 
pH 7.0. The medium for S. lactis consisted of 0.5 per 


TABLE 1. Differential assay values for several penicillins 


DIFFERENTIAL ASSAY VALUES* 


soe CHROMATO- 

resem | patois | Rogier | Rasiies | Suetie- | erin 
(smooth) | (rough) lactis utes 

p-aminobenzyl 0.16 1.80 0.72 2.10 | 0.65 
xX 0.46 1.50 2.80 — 1.10 

G 0.58 1.00 1.00 1.00 ; 

F 0.68 1.00 0.12 — 1.20 

K 0.85 0.50 0.03 1.10 3.00 


* Differential assay value 


units of penicillin found with test organism 


units of penicillin found with Micrococcus pyogenes var. aureus. 
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were incubated for three hours, steamed for ten mip. 
utes, and read on a Lumetron colorimeter. 

Animal experiments. A 10.4 kg dog was cathcterized 
and injected intravenously with 22,500 units of par. 
tially purified p-aminobenzy! penicillin. Blood samples 
were collected periodically, diluted with 0.2 ml of 
4 per cent ammonium oxalate and assayed by the §. 
lutea blotter disc method. A preliminary experiment 
indicated that whole blood had no effect on the results 
of this assay and that as little as 0.1 unit per m! could 
be determined. Urine samples were taken at the same 
time intervals via the catheter tube. After collecting 
the urine the bladder was rinsed with sterile saline, the 
combined urine and washings were diluted with buffer 
and assayed by the Oxford cup plate method. Penicillin 
G (50,000 units) was injected into the same dog in a 
separate experiment. In another series of experiments 
penicillin G and penicillin G containing acid inacti- 
vated p-aminobenzyl penicillin were injected in the 
same manner. 


EXPERIMENTAL RESULTS 


Purification of p-aminebenzyl penicillin. About 3 mil- 
lion units of p-aminobenzyl penicillin were produced 
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Fic. 1. Comparison of blood levels of benzyl, p-aminobenzyl and benzy! penicillin containing the impurities present in the p- 
aminobenzy] penicillin preparation in a dog. Blood levels are expressed in units per ml blood per unit injected per gram of body 


weight. 


cent glucose, 0.5 per cent tryptone, 0.3 per cent yeast 
extract, 0.4 per cent monobasic potassium phosphate, 
and 1.1 per cent dibasic potassium phosphate. 

S. lutea was incubated at 25 C, the B. subtilis assay 
was conducted at 30 C, and the other assays were 
carried out at 37 C. After incubating the plates for 10 
to 12 hours, the zone sizes were measured from a con- 
tact photograph made from the original plate. The 
amount of penicillin was determined from a standard 
curve run on each plate. The turbidimetric assays 


by the shake flask fermentation method. The activity 
was adsorbed from the broth by charcoal and subse- 
quently eluted with aqueous acetone buffered at pil 
6.5. The eluted material was concentrated and the 
aqueous solution lyophilized. p-Aminobenzy] penicillin 
was highly water soluble and was not appreciably 
extracted by chloroform at pH 4.0, while practically all 
the penicillins F, dihydro F and K present in the crude 
lyophilizate could be extracted under these conditions. 
p-Aminobenzy] penicillin could, however, be extracted 
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ate solution (5 g of ammonium sulfate per 10 ml of 
lution) adjusted to pH 6.5. Various further purifica- 
‘jon procedures were tried, but no appreciable purifica- 
jon could be obtained. This material was found to be 
atisfactory for animal injections and microbiological 
studies. 

Stability of p-aminobenzyl penicillin. In the course of 
the purification studies the marked acid stability of 
paminobenzyl penicillin was noted. Further studies 
showed that p-aminobenzy! penicillin had a half-life of 
% minutes at pH 2.0 and 24 C as compared to that of 
\8 minutes for penicillin G. This latter value agrees 
yell with that found by Benedict et al., (1946). 

Bacterial spectrum. It was decided that the bacterial 
yectrum of p-aminobenzy! penicillin could be obtained 
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Fig. 2. Renal excretion of benzyl, p-aminobenzyl and benzyl! 
penicillin containing the impurities present in the p-amino- 
benzyl penicillin preparation in a dog. Solid circles represent 
benzyl penicillin alone and the solid triangles show the ex- 
cretion of benzyl penicillin containing the impurities. 


by resolving a mixture of penicillins on a paper chroma- 
togram and using the method of squares to assay the 
activity. The pencillins used in this study were G, F, 
K, X and p-aminobenzyl penicillin. A fermentation 
without precursor addition produced — substantial 
amounts of penicillins F and K, p-hydroxyphenylacetic 
acid was used as a precursor of X, and p-aminophenyl- 
acetic acid served as a precursor of p-aminobenzyl 
penicillin. The various solutions of the penicillins were 
blended until a mixture was obtained which contained 
assayable amounts of all the constituents. The mixture 
(2 to 6 units) was applied to the buffered strips at pH 
6.5 and 5.5 and the chromatogram developed as de- 
scribed previously. The developed strips were dried, 
cut in half lengthwise and each half assayed with the 


ppropriate organism. The results presented in table 1 
te ratios of the activity of each penicillin to the test 
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organism as compared to the activity found towards 
M. pyogenes var. aureus. 

Animal injection. The results of the injection of 
p-aminobenzy] penicillin into a dog are found in figures 
1 and 2. 


DISCUSSION 


As has already been mentioned, the relative activity 
of the various penicillins has been determined for a 
variety of organisms. In several cases penicillin X has 
been found to have greater activity than penicillin G, 
F, or K. Since penicillin X is more hydrophilic than the 
latter, it is of considerable interest to study the proper- 
ties of a penicillin more polar than penicillin X. The 
results (table 1) indicate that p-aminobenzy! penicillin 
behaves in a similar manner to penicillin X. 

The main purpose in studying p-aminobenzyl peni- 
cillin was to determine whether it would remain in the 
blood longer than penicillin G. It has been demonstrated 
several times that penicillin X gives higher blood levels 
than penicillin G. Figure 1A indicates that rate of 
decrease in concentration of p-aminobenzy! penicillin 
in the blood is much slower than that of penicillin G. 
A comparison of the blood levels in figure 1B indicates 
that the impurities present in the p-aminobenzyl! peni- 
cillin preparation had only a slight effect on maintain- 
ing higher blood levels of penicillin G. 

It may be seen from figure 2 that the rate of renal 
excretion of p-aminobenzyl penicillin is only about 
one-third as fast as that for penicillin G. It is also 
apparent from this figure that the renal excretion was 
affected very little by the impurities present in the p- 
aminobenzyl penicillin preparation. It appears from 
these experiments that p-aminobenzyl! penicillin can 
maintain a higher concentration in the blood for a 
longer period than penicillin G. This behavior on in- 
jection has been previously demonstrated with peni- 
cillin X (Eagle, 1947b). It may be seen that both polar 
penicillins have the desirable property of remaining in 
the blood stream longer than does penicillin G. 
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SUMMARY 


p-Aminobenzyl penicillin has been produced by using 
p-aminophenylacetic acid as a precursor in penicillin 
fermentations. This penicillin has been partially puri- 
fied and its properties have been studied. The activity 
of this penicillin toward several microorganisms has 
been compared to the activities shown by penicillins 
X, G, F, and K. In animal experiments p-aminobenzyl 
penicillin has been shown to maintain higher blood 
levels than penicillin G. 
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It is generally desirable when possible to eliminate 
proteins from media for cultures whose products may 
eventually be used for human injection. Some of the 
reasons for this are: (1) to minimize sensitization reac- 
tions to ingredients of the medium or to avoid inducing 
sensitivity to them; (2) to avoid the complication of 
separating the proteins of the medium from the desired 
protein during purification of a protein biological prod- 
uct; and (3) to attempt to reduce the cost of the 
medium since proteins are frequently an expensive 
source of nutrient. 

This report is concerned with the production of 
tetanus toxin in the Mueller medium modified to elim- 
inate veal infusion by adaptation of the culture to 
the modified medium. 


MATERIALS AND METHODS 


The media used for toxin production were the most 
recent Mueller formulas (Mueller, 1951) with and with- 
out veal infusion. The cultures used were the Harvard 
strain of Clostridium tetani (Z-3A) and strain variants 
of this original culture. The seed cultures were grown 

1 From the Biologie Laboratories, Institute of Laboratories, 


Massachusetts Department of Public Health, Forest Hills, 
Boston 30, Massachusetts. 


in fluid thioglycollate broth (BBL) prior to inoculation 
of the toxin medium. 


Method of Developing Strain Variants 

The parent strain (Z-3A) was grown at 35 C for | 
or 2 days in the toxin medium containing a diminished 
amount of veal infusion. A transfer from this culture 
was then made to the fluid thioglycollate broth. This 
second generation was inoculated into the toxin medium 
with a lesser amount of veal infusion and the culture 
was again transferred to fluid thioglycollate broth. 
Successive transfers of this sort were accomplished 
until a toxin-producing culture could be isolated from 
the toxin medium which contained no veal infusion. 
The actual schedule of transfers leading to the modified 
strain can be seen in table 1. 

Toxins were titrated according to procedures. out- 
lined in “Manual of Methods for Pure Culture Study 0 
Bacteria” (1947). The Lf is defined as the amount 0! 
toxin equivalent to 1 unit of antitoxin as established 
by flocculation. 


EXPERIMENTAL RESULTS 


Preliminary trials with the original strain of (/ felan 
(Z-3A) yielded very poor toxin titers in the absence 0’ 
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MODIFIED MUELLER MEDIUM FOR TETANUS TOXIN 


veal infusion, Whereas the complete Mueller medium 
ontaining 7.5 per cent veal infusion gave consistent Lf 
values of 40 to 60 per ml and guinea pig MLD values 
vnerally in the range of 200,000 to 400,000 per ml. 

By repeated transfer from production lots containing 
progressively smaller amounts of veal infusion, a strain 
S-7C) was developed which was able to provide 
fetanus toxin of a level nearly as high as that of the 
parent culture in the original medium. In some in- 
tances MLD and Lf titers have been equal to or greater 
than those of the original medium and culture harvested 
jmultaneously. 

Table 1 shows the results of the evolution of strain 
ES-7C which was the first culture variant able to 
produce toxin of significant potency in the absence of 
veal infusion or other native protein. It can be noted 
irom this table that three attempts were made to 
develop a toxin-producing culture in the absence of 
protein. The A and B series showed no evidence or 
tendency to produce significant amounts of toxin and 
both were, therefore, discontinued after six successive 
transfers. The C series which lead to ES-7C showed 
greater promise and was carried along to produce sev- 
eral lots of useable toxoid which were at times equal in 
Lf to toxoids from the original medium and strain. 
There were several instances in which strain ES-7C in 
the absence of veal infusion yielded Lf titers or MLD 
titers equal to or greater than strain Z-3A in the pres- 
ence of 7.5 per cent veal infusion. This, however 


, was 


not general or usual since the reverse was the rule. 


TaBLE 1. MLD and Lf liters of toxins produced by modified 
cultures in a modified Mueller medium with diminishing 


amounts of veal infusion 





TOXIN 
PER CENT VEAL ae 

‘wus MEDIO | op No, | Pig MLD | TAf.per ml 

thousands minutes) 

Series A 
Z-3A 1.8 6W 250 50(7) 
Z-3A 3.75 6Y 250 57.5(5) 
ES-1A 1.9 7A 193 55(5) 
ES-2A 0.9 7B 50 no floc. 
ES-3A 0 7C 74 no floc. 
Z-3A 0 7C <50 no floc. 
ES-4A 0 7D 32 20(19) 
ES-5A 0 7E 28 10(20) 
ES-6A 0 7F 72 15(20) 
Series B 

Z-3A | 4 7G — 40(7) 
ES-1B 3 7H 40(28) 
ES-2B 2 “Pi — 20(21) 
ES-3B | 7K - no floc. 
ES-4B 0 7L <50 no floc. 
ES-5B 0 7M <6 no floc. 
ES-6B 0 7N — no floc. 
ES-5B 0 7P - no floc. 


167 
Series C 

Z-3AF* 3.8 8A 200 40(9) 
ES-1CF 1.9 8B _ 35(7) 
ES-2CF 0 8C 59 no floc. 
ES-3CF 0 8D 59 20(7) 
ES-4CF 0 8E 170 25(9) 
IS-5CF 0 8F 170 20(12) 
ES8-6C 0 8G 133 no floc. 
ES-7C 0 8H 137 40(9) 
ES-8C 0 8J 288 22.5(15) 
ES-8C 0 8k 86 15(16) 
ES-7C 0 8V 55 no floc. 
ES-7CF 0 SW 252 27.5(12) 
ES-7C 0 SY 93 10(25) 
ES-7CF 0 9B 226 30(10) 
ES-7CF 0 9C 165 27.5(11) 
ES-7CF 0 9D 171 27.5(15) 
ES-7CF 0 9E 219 25(16) 
ES-7CF 0 oF 171 32.5(8) 
ES-7CF 0 9G 165 22.5(15) 
ES-7CF 0 9H 148 30(13) 
ES-7CF 0 9J 156 25(12) 
ES-7CF 0 9K 171 27.5(9) 
ES-7CF 0 9L 162 22.5(15) 
ES-7CF 0 9M. 185 25(9) 
ES-7CF 0 9N 71 17.5(19) 
ES-7CF 0 9P 220 22.5(10) 
ES-7CF 0 9Q 146 22.5(9) 
ES-7CF 0 9R 136 17.5(10) 
ES-7CF 0 9S 465 32.5(11) 
ES-7CF 0 9T 155 10(60) 
ES-7CF 0 9V 185 22.5(10) 
ES-7CF 0 9W 575 32.5(10) 
ES-7CF 0 9Y 230 35(11) 
ES-7CF 0 9Z 310 37.5(7) 
ES-7CF 0 10A 212 37.5(10) 
ES-7CF 0 10B 264 32.5(9) 
ES-7CF 0 10C 232 35(8) 


* F indicates that the culture was maintained in the frozen 
state. 

7 Lf equals the amount of toxin that will flocculate with 
1 unit of antitoxin. 


Toxoids were prepared from a series of these lots, 
and 3 preliminary lots of purified toxoid have been 
obtained using the ammonium sulfate method of puri- 
fication (Levine and Stone, 1951). The average yield 
for these lots was 63 per cent and the average purity 
was between 1300 and 1400 Lf per mg of nitrogen. 
These figures compare with 40 to 50 per cent yields and 
average purities of 900 to 1200 Lf per mg of nitrogen 
for the lots with veal infusion. These are preliminary 
results and final conclusions can not as yet be drawn 
even though the early trials seem to indicate better 
levels of purification. 

DiscUSsION 

Despite the fact that the parent culture and medium 
still yield toxins of somewhat higher levels than the 
modified ones, it seems encouraging that a medium in 
the absence of protein can be used to produce toxins of 
fairly high potency. It is also possible that by continued 
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use and adaptation, a toxin equal to that of the parent 
culture and medium can be produced more consistently. 
It is likewise conceivable that purification and concen- 
tration of the toxoids without the interference of pro- 
teins from the medium may result in higher yields and 
purities which would equalize the apparent differences 
in the crude toxins and toxoids. Preliminary results in 
purification seem to bear out this likelihood. 


SUMMARY 


A good toxin-producing strain in the Mueller medium 
was adapted to produce toxins in decreasing amounts 
of veal infusion until toxins of fairly high potency could 
be harvested from a Mueller medium which was modi- 
fied so as to eliminate veal infusion. The Lf values of 


this toxin ranged from 10 to 40 for 27 lots and this is 
compared to an Lf range of 15 to 60 for the original 
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The concentration and washing of mass liquid cul- 
tures of microorganisms usually involves special and 
expensive apparatus or tedious repeated centrifugation 
of small quantities in ordinary laboratory centrifuges. 
Centrifugal separation and washing, besides being time- 
consuming, are open to the repeated risks of glassware 
breakage, heating, and contamination. If the medium 
is of high density or viscous, the tribulations of the 
operator are multiplied. 

The following rapid and simple methods are de- 
pendent on filtration through porous porcelain candles 
but the difficulty of clogging is obviated by suspending 
the candles in the culture medium, filtering by suction, 
and allowing a brief reverse flow through the filter by 
gravity to dislodge the sheet of microorganisms ad- 
hering to the filter. 


MATERIALS AND Meruops 


The apparatus for a semi-automatic aseptic filtration 
is shown in figures 1 to 3. The filtration cylinder 


! Supported by a grant-in-aid from the American Cancer 
Society upon recommendation of the Committee on Growth of 
the National Research Council. The earlier work was supported 
by a research grant from the National Cancer Institute of the 
National Institutes of Health of the U. S. Public Health 
Service. 
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(figure 1) is made from a pyrex test tube,? 65 x 500 mm 
to which a nozzle is fused. The four equidistant indenti- 





tions (figure 1) of approximately 3 mm depth are mate 
about 350 mm from the top of the tube. These indenti- 
tions and the glazed porcelain shoulder of the Sela 
type FP number 1610 filter® (S, figure 2) suspended in 
the cylinder serve to align the filter. If the filter lean 
against the cylinder wall separation and precipitatio 
of the microorganisms are impeded. A pyrex filling 
attachment, (F, figure 2, Corning 3960, large) is at 
tached to the nozzle by a short length of rubber tubing 
The arrangement at the top of the filtration cylinder! 
shown in figure 3, in which st represents a number }} 
rubber stopper bored to admit a glass right-angle tube, 
e, and a tube, t, which projects approximately 1 (ll 
above the stopper to allow flaming the rim. The filte 
candle is suspended from the enclosed part of the right- 
angle tube by rubber pressure tubing arranged to allov 


2 Corning #9800, Corning Glass Works, Corning, New Yor TI 
’Selas Corporation of American, Philadelphia 34, Pe" thro, 
sylvania. FP refers to the type (porous cylinder with porcelat | mou 
nipple). 1610 designates the size (2 inch x 10 inch; filtratie! bai 


a ° J; 
area, 0.48 sq. ft.). The writer wishes to acknowledge the hel q 
of the Selas Corporation in providing several of the filters!" Cony 
this work. © it te 
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| cultyg the bottom of the filter candle to hang about 15 mm length. The lower of the other two arms is connected 
11) valyeg irom the rounded bottom of the cylinder. by rubber pressure tubing to a glass filter trap and an 
The filtration assembly is autoclaved as a unit after aspirator. Besides preventing backflow, the filter trap 

© toxoil the openings are capped with foil or paper. The pouring allows the retentivity of the filter to be checked by the 

to giv assembly, P, figure 3, is wrapped and sterilized sepa- clarity of the filtrate. 

rrigin rately. A pinchcock or screw clamp is applied to the rubber 
The tubes of the pouring assembly should have an tube between the spout of the cylinder and the filling 

internal diameter of not less than 8 mm to avoid capil- attachment, and one is similarly placed on the pouring 

lary retention of the fluid. assembly when it is snugly fitted into the culture vessel 
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; “i The apparatus is set up as shown in figure 2. The Rings r, r’, are ordinary support rings with approxi- 
eee three-way stopcock, T, (Corning 7450, 4mm bore) is mately a quarter section removed to facilitate placing 
‘trating, MOunted on an adjustable support, whose horizontal of the inverted culture vessel and the cylinder. The 
he hey} am should be at least 30 cm in length to allow for three-jaw clamp, j, is loosely clamped about the cylin- 
Iters ff convenient adjustment. The pressure tube connecting der. 


it to the filter assembly should be of at least the same The pouring assembly is opened, and when the fluid 
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has come above the top of the filter, filtration is started. 
The fluid will rise no higher than the mouth of the 
pouring assembly and will maintain itself at that level. 
When filtration slows, stopcock T is opened to admit 
air into the filter side of the vacuum line and hydro- 
static pressure starts a backwash which dislodges the 
microorganisms. These fall to the bottom of the cylinder 
as more or less coherent sheets or flocs. Dislodging may 
sometimes be facilitated by gently rotating the cylinder 
back and forth or by pumping air into the filter candle 
by means of an atomizer bulb attached to the free 
arm of stopcock, T. Filtration is repeated until the 
medium is exhausted. Washing may be started by 
substituting a vessel of sterile wash fluid for the culture 
vessel, or by collecting the precipitated organisms, 
resuspending in wash fluid and repeating the filtration. 
The final residue is removed by emptying the cylinder 
into the receiver, and releasing the vacuum which 
allows the remaining organisms to drop from the bot- 
tom of the filter cylinder. However, a final centrifuging 
of the residue is preferable for concentrating these 
organisms. 

The filter may be removed without dripping by 
turning the stopcock to seal it. 

The supporting arrangement shown in figure 2 is used 
in this laboratory. The vertical support rod, V, is se- 
cured at the bottom to a large base and at the top toa 
2 inch x 2 inch wooden upright, W. Top support and a 
wide base are necessary for this rod because of the 
top-heavy nature of the assembly. The height of the 
total assembly, somewhat more than a meter, makes 
manipulation awkward unless the base is mounted lower 
than table height. 

Simpler arrangements may be used. Where aseptic 
precautions are not so strict, the candle attached to a 
piece of rubber tubing may be sterilized ina hydrometer 
cylinder (Corning 2962, 2.5 inch x 18.5 inch) and the 
culture poured in with sterile precautions. After filtra- 
tion and washing, the cells are decanted from the cyl- 
inder. 

For work it suffices to suspend the 
candle by a sufficient length of tubing to provide a useful 
hydrostatic head in a large tank or jar into which the 
medium is poured. The coated filter may then be sus- 
pended over a receiver and the vacuum released. There 
is little danger of the organisms drying since surface 
tension will prevent the entrance of air under ordinary 
aspiration. The residual medium may be filtered from a 
cylinder as described in the preceding paragraph. In this 
fashion the writer has filtered 34 liters of a dense culture 
in less than an hour.‘ 

Note on mass culture. Culture vessels used in this lab- 
oratory are gallon jugs, filled and sterilized with three 
liters of medium. In media containing carbohydrates, 
the carbohydrates are sterilized separately to avoid 


non-sterile 


* Work done on a U.S. Public Health Grant of the National 
Cancer Institute. 
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possible changes by interaction with the other compo. 
nents. The culture apparatus is shown in figure 4, The 
air vent consists of a double bulb drying tube loosely 
packed with cotton down to the upper bulb. The bulbs 
serve as spray traps. The aerator proper is a gliss tuly 
drawn toa capillary opening to which air is fed through 
a drying tube filled with cotton to act as a dust filter 
The jugs (up to four at a time) are connected to a small 
aquarium pump.° These pumps are small, light, near} 
noiseless, inexpensive, sturdy, and designed to run con. 
tinuously. 


DiscussION AND RESULTS 


The methods described in this paper permit rapid 


separation of culture medium and microorganisms j) 
mass cultures. The rapidity of the process is dependent 
upon a number of factors such as the density of culture, 
viscosity of fluid, differences in specific gravity of fluid 
and organisms, the suction force, and most importantly 
on the porosity of the filters. The porosities and othe: 
characteristics are described in the Selas catalog® (Selas, 
1949). However as an indication of the rapidity of filter- 
ing, six liters of a dense culture of Saccharomyces cev- 
visiae Was filtered and washed once in approximately 
twenty minutes with a porosity no. 10 filter. The dat 
was obtained on filtration of an Escherichia coli culture: 
three liters of yeast-extract-peptone-dextrose cultun 
containing 131 million organisms per ml was filtered 
through FP 1610 porosity no. 01. Time for complete 
filtration, 17 minutes; time for continuous wash with 4 
liters of water, 15 minutes; total time, 32 minutes. 
Final volume, 100 ml. 

It is worthy of note that the flow rate under standard 
conditions increases at a greater-than-direct propor: 
tionality to the pore diameter, so that the largest poros- 
ity filter which will retain the organism should be used. 

Xetention is not only a function of the size relationship 
of pores and organisms, but also of surface charge 0 
filter and organism (McCulloch 1945). The charges may 
be influenced by the composition of the medium. Thus. 
by alteration of the medium the same strain of F. co 
retained by a no. 01 porosity filter may also be retained 
by a no. 10 filter, although with the above culture me- 
dium it is not. 

While the cylinder method is given here in detail, 
since it represents a near-optimum arrangement {0 
some purposes, the size and arrangement of the appar 
tus may be changed except for some aspects which att 
within critical limits. For example, a narrower cylinde! 
will leave less residuum of culture medium, but the pre- 
cipitation of the coating is hindered, and air may }* 
trapped between the cylinder wall and the filter candi 
shoulder. The pouring assembly cannot have an interna 
diameter much less than 8 mm, if the culture vessel 
to empty properly. The tubes connecting the candle t0 

‘Such as Neptune Rotoaerator, Neptune Products Co 
Brooklyn 27, New York. 


the sto] 
§mm 
the hea 

The | 
in this 
for ext 
it woul 
ton, an 
fitted 


Met! 
mediur 


Ina 
sented 
terial 
compl 
a-COnt 
that a 
some | 
propa 

The 
charac 
Flavob 


a-conl 


The 
deseril 
dium 
KHP 
7H.O, 
Was $I 
perimé 
Was iy 
mediu 


'deterr 


'Th 
Irom t 
NSF-C 

2 Ge 


Camas 





‘ompo- 
t. The 
loosely 
‘ bulbs 
S tube 
rough 
filter, 
i small 
nearly 
I COn- 


t rapid 
SMs 11 
endent 
‘ulture, 
of fluid 
rtantly 
d othe: 
(Selas, 
Mf filter: 
eS Cel - 
matel\ 
he data 
‘ulture: 
culture 
filtered 
mplete 
with 4 
linutes. 


andard 
propor: 
t poros- 
e used. 
ionship 
arge oi 
yes mal 
. Thus. 
EB. 00 
‘etaine( 
ure me- 


- detail, 
ent fol 
appari- 
rich are 
eylinde! 
the pre- 
may be 
r candle 
interna 
vessel is 


anidle to 


icts Co 


BIOLOGICAL DEGRADATION OF LIGNIN 171 


the stopcock must have a large enough internal diameter 
§mm) so that there is a reservoir of fluid to maintain 
the head for a useful time. 

The opening in tube t of figure 3 has caused no trouble 
i this laboratory due to airborne contamination, but 
jor extremely critical work, or if pathogens are filtered, 
i would be best to fill the open space with gauze or cot- 
ion, and for pathogens, to collect the filtrate in a vessel 
fitted with a spray trap. 


SUMMARY 


Methods are described for the rapid separation of 
medium and microorganisms by filtration through a 


porous porcelain candle. The rapidity of the methods 
depends upon the self-cleaning action of the candle 
which is suspended in the culture. Filtration is applied 
by suction, and when the candle becomes clogged, re- 
lease of the vacuum permits a brief backflow which dis- 
lodges the cells and allows them to fall to the bottom of 
the vessel. Simple culture methods are described. 
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In a previous publication Konetzka et al., (1952) pre- 
vented data which established that a species of the bac- 
terial genus Flavobacterium was capable of effecting 
complete degradation of the lignin-related compound, 
a-conidendrin? (Brauns, 1945; Pearl, 1945). It was felt 
that a study of this bacterial utilization would yield 
some information on the degradation of the guaiacyl- 
propane unit. 

The present investigation concerns the isolation and 
characterization of a polysaccharide synthesized by the 
Flavobacterium sp. when grown in a medium containing 
a-conidendrin as the sole carbon source. 


EXPERIMENTAL 
Culture Methods 


The organism, Flavobacterium sp., was the same as 
described elsewhere (Konetzka et al., 1952). The me- 
dium contained 0.25 per cent NaNOs, 0.1 per cent 
KH2PO,, 0.01 per cent CaCl, 0.03 per cent MgSO, 
‘HO, 0.01 per cent NaCl and 0.001 per cent FeCl;. It 
Was similar to that used previously. In the present ex- 
periments, however, the concentration of a-conidendrin 
Was increased to 2.5 per cent. Moreover, the complete 
medium was sterilized by autoclaving, since it had been 
letermined that no apparent destruction or alteration 

‘This work was supported by contract No. N7-onr-397-4 
rom the Office of Naval Research and by Research Grant 
\SF-G40 from the National Science Foundation. 

*Generously supplied by Crown Zellerbach Corporation, 


Camas, Washington. 


of a-conidendrin occurred with this method of steriliza- 
tion. The basal medium plus a-conidendrin was dis- 
pensed in 250 ml amounts into 2-liter Erlenmeyer flasks, 
cotton-stoppered, autoclaved, and inoculated with 2 
ml of a culture of the organism which had previously 
been shaken in the aforementioned medium for four 
days at 28 C. Twenty-four flasks were incubated at 
28 C on a reciprocating shaker adjusted to a stroke of 
1!4 in making 100 excursions per minute. The culture 
fluid was examined at daily intervals for evidence of 
carbohydrate and increase in viscosity. The results in- 
dicated a progressive increase in viscosity and carbohy- 
drate content until the 10th day of incubation, at which 
time maximum change had occurred. All but a trace of 
a-conidendrin had been utilized. The combined contents 
of the flasks were then centrifuged twice at a relative 
centrifugal force of 22,766 G’s to remove the heavy 
growth of cells. The resulting material was a viscous 
clear brown liquid and from this was isolated polysac- 
charide material described in the next section. 

In order to determine whether the Flavobacterium sp. 
was capable of utilizing lignins or lignin-related mate- 
rials as a sole carbon source, the following materials 
were employed: native lignin, ethanol-HCI hydrolyzed 
lignin, native spruce lignin methylated with diazome- 
thane, methanol native spruce lignin, brown-rotted 
wood, vanillin, vanillic acid, vanillyl alcohol, ethyl 
vanillate, acetovanillone, eugenol, isoeugenol, guaiacol, 
cinnamic acid, hydrocinnamie acid, hydrocinnamalde- 
hyde, phenylethylcinnamate, anisic acid, methyl! ani- 
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sate, piperonal, hydroquinone, hydroquinone mono- 
methylether, hydroquinone dimethylether, resorcinol, 
catechol, p-hydroxybenzoic acid, p-hydroxybenzalde- 
hyde, p-methylbenzil alcohol, methyl-p-hydroxyben- 
zoate, 2-hydroxy,1,4-dimethylbenzene, cyclohexane, 
benzene sulfonic acid, p-toluene sulfonic acid, sulfosali- 
eylic acid, podophyllotoxin, and a number of isolated 
lignins. 

Furthermore, in an effort to ascertain whether the 
organism was capable of synthesizing the polysaccharide 
from carbohydrates or products of carbohydrate metab- 
olism, the following compounds were examined: sodium 
pyruvate, sodium lactate, sodium propionate, sodium 
acetate, arabinose, xylose, glucose, fructose, galactose, 
mannose, sucrose, maltose, cellobiose, melibiose, rham- 
nose, and raffinose. 

These materials, having previously been sterilized 
by ethylene oxide (Wilson and Bruno, 1950) or by auto- 
claving, were dispensed in a final concentration of 0.5 
per cent in 250 ml Erlenmeyer flasks containing 40 ml 
of basal medium. The inoculum consisted of 0.1 ml of a 
washed suspension of cells which had been grown on an 
agar medium consisting of the basal, 0.5 per cent a-coni- 
dendrin, and 2 per cent agar. The inoculated flasks were 
incubated and placed on the reciprocating shaker for a 
period of one month at 28 C. During this time evidence 
of growth was determined by visual and microscopic 
examination and, in some instances, by plate counts. 


Isolation of Polysaccharide 


A portion of the clear brown cell free solution de- 
scribed under “Culture Methods” (1600 ml, represent- 
ing 40 g of original a-conidendrin) was treated with four 
volumes of acetone. The resulting stringy, light tan 
precipitate was removed by centrifugation. The wet 
product was redissolved in 600 ml of warm water (after 
the suspension was shaken under vacuum to remove the 
residual acetone) and reprecipitated with three volumes 
of acetone. It was then redissolved in 800 ml of water 
and deionized by stirring with two portions each of 
Amberlite IR 120 and IR 4B, alternately, and washing 
the ion exchange resins well with water. After deioniza- 
tion the solution became more viscous and was colorless 
but remained slightly turbid. Attempts to clarify the 
solution were unsuccessful. Although the polysaccharide 
fraction was not precipitated from dilute aqueous solu- 
tions by acetone in the absence of inorganic salts, it was 
found that separation could be readily effected when the 
solution was frozen solid, treated with 1600 ml of ace- 
tone and shaken until the ice melted. The precipitate 
was then centrifuged off and triturated with absolute 
alcohol and finally filtered and washed with alcohol and 
ether. After it had been dried over phosphorous pentox- 
ide, the slightly gray precipitate, which had the appear- 
ance of asbestos fiber, weighed 0.99 g. It was slightly 
hydroscopic and still contained a trace of inorganic 


material. The absence of any significant amowi: of pj. 
trogen was established by the micro-Dumas :nethod 
using a 13 mg sample. The polysaccharide gave « nega. 
tive Fehling’s test. 
Anal. Caled. for CgHi005; C, 44.4; H, 6.2. 

Found C, 44,5, 44.3; H, 5.9, 6.0; Ash 0.97, 0.68. 
This product was used in the hydrolysis experiments 
described below. 


Hydrolysis of Polysaccharide 


One hundred milligrams of polysaccharide in 9 ml of 
0.1NH.SO, was heated in a boiling water bath. After 
four hours, hydrolysis was essentially complete as shown 
by the rotation; 3 hr + 0.45°; 4 hr + 0.48°; 5 hr + 
0.43°. In subsequent runs the reaction was stopped after 
four and one-half hours and the pale yellow solution was 
diluted with water, neutralized by stirring with Amber. 
lite IR 4B and then treated with IR 120 and again with 
IR 4B. Upon evaporation of the water in vacuum the 
sugar mixture was obtained in 65 per cent yield. This 
product was used in the color tests and paper chromato- 
grams described below. 


Chromatographic Analyses 


An approximately 5 per cent solution of the sugar 
mixture was used for paper chromatograms developed 
according to the method of Partridge (1948). Upward 
development was carried out on a piece of Whatman 
No. | filter paper in the form of a cylinder with the edges 
tied together with loops of string so that they did not 
quite touch each other. Asbestos cord wrapped around 
the rod in the center of the container was moistened 
with the aqueous layer obtained upon saturating the 
organic layer with water. 

The solvents were prepared as described by Partridge. 
The spray reagent, aniline acid phthalate solution (Part- 
ridge, 1949), gave a brown color with hexoses, a light 
buff color with rhamnose and a pink color with other 
pentoses after development with butanol-acetic acid. 


RESULTS AND DISCUSSION 
Nature of Polysaccharide Constituents 


The sugar mixture obtained from the polysaccharide 
hydrolysate gave a negative Seliwanoff test for ketoses. 
In the benzidine test for pentoses the color was browi- 
ish-red and in the phloroglucinol test it was momentarily 
pink, changing to amber. 

Figure 1 shows the chromatogram of the polysaccha- 
ride hydrolysate developed parallel to glucose and to 
mixture containing equal amounts of p-galactose, 
D-mannose, L-xylose and L-rhamnose with s-collidine 
(2,4,6-trimethylpyridine) as the developing agent. The 
control sugars were selected on the basis of Rf value: 
estimated from preliminary chromatograms in which 
resolution of the constituents of the polysaccharide was 
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BIOLOGICAL DEGRADATION OF LIGNIN 


incomplete. The presence of glucose, galactose, man- 
nose, and rhamnose is indicated while xylose is defi- 
itely eliminated. Figure 2 diagrams the unknown mix- 
ture after development with butanol-acetic acid parallel 
oa mixture of D-galactose, D-glucose, D-mannose, D-ri- 
pose and L-rhamnose. Except for differences in the size 
of the spots and intensities of their colors, the two pat- 
ierms are identical. Two dimensional chromatograms 
vere developed, first with collidine and then with buta- 
yol-acetic acid. The pattern obtained with the hydro- 
lyzed polysaccharide (solid lines) and that obtained with 


ONE-DIMENSIONAL CHROMATOGRAMS 
OF HYDROLYSATE AND KNOWN 
MIXTURES 


s-Collidine 


() (_) Rhamnose 
D-Xylose 


D-Glucose 


Butanol-Acetic Acid 


| © 1) Rhamnose 
20 2(_ bose 


D-Mannose 
D-Glucose 
D-Galactose 


|-Buff; 2-Pink, Others Brown 


D-Mannose 


CO rcatactose 


Figure | Figure 2 








Fics. 1 and 2. Comparisons of chromatograms of polysac- 
charide hydrolysate (unlabeled) with known mixtures after 
development with s-collidine and with butanol-acetie acid re- 
spectively. 


the known mixture of the above five sugars (dotted 
lines) are combined in figure 3. It should be noted that 
although the distances traveled by the developing sol- 
vents in the two runs are essentially identical, it was 
hecessary to advance the zero point of the unknown 
mixture about 5 mm in order to superimpose the two 
diagrams. It is believed, however, that within the limit 
of error of this method, the evidence strongly indicates 
that the polysaccharide or mixture of polysaccharides 
obtained by the action of Flavobacterium sp. upon a-con- 
idendrin contains galactose, glucose, mannose, ribose 
and rhamnose. Definite identification of these constitu- 
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ent sugars can, of course, be made only after each has 
been isolated in the pure state. 

These results (polysaccharide formation with subse- 
quent analyses) have been repeated with a highly puri- 
fied preparation of conidendrin which was recrystallized 
three times from dilute acetone and twice from dilute 
alcohol. 


Action of Flavobacterium sp. on Various Substrates 


Of all the other lignin related materials examined as 
sole carbon sources for the Flavobacterium sp. only va- 


TWO-DIMENSIONAL CHROMATOGRAMS 
OF HYDROLYSATE AND KNOWN 
MIXTURES 





o---- Mixture of A L-Rhamnose; 
B.D-Ribose; C. D-Mannose; 
D D-Glucose; E D-Galactose 


—— Hydrolysed Polysaccharide Fraction 


Butanol- Acetic Acid 


| Buff; 2.Pink; Others Brown 











s-Collidine «————— 

Figure 3. Superimposed chromatograms of polysaccharide 
hydrolysate and known mixture of sugars after two-dimen- 
sional development first with s-collidine and then with butanol- 
acetic acid. 


nillic acid supported the growth of the organism under 
the conditions of these experiments. Further, growth at 
the expense of vanillic acid also resulted in the synthesis 
of polysaccharide material which was apparently iden- 
tical with that produced from a-conidendrin. 

Minimal, if any, growth of the organism was sup- 
ported by a variety of carbohydrates or the usual inter- 
mediates of carbohydrate metabolism when they were 
present as the sole source of carbon in the chemically 
defined medium. A possible explanation for this phe- 
nomenon may be that some product peculiar to the 
metabolism of a-conidendrin or vanillic acid is a require- 
ment for polysaccharide synthesis by this microorgan- 
ism. 
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SUMMARY 


A species of the bacterial genus Flavobacterium is 
capable of synthesizing a polysaccharide or mixture of 
polysaccharides when grown in a medium of a-coniden- 
drin or vanillic acid as a sole carbon source. The poly- 
saccharide hydrolysate consists of p-galactose, p-glu- 
cose, D-mannose, D-ribose and L-rhamnose as deter- 
mined by paper chromatography. 

This organism has the unique characteristic of grow- 
ing luxuriantly at the expense of the compounds a-coni- 
dendrin and vanillic acid, while little if any growth oc- 
curs when the conventional type carbon sources are 


employed. 


AND E. M. MRAK 
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One of the most common insects infesting figs is the 
dried-fruit beetle, Carpophilus hemipterus (Linn.). Its 
role as a vector of yeasts and bacteria responsible for 
certain diseases of figs has been recognized for decades. 
Nevertheless, the ecological relationships between the 
insects and the yeasts associated with them are inade- 
quately known. There is a difference in opinion as to 
whether the dried-fruit beetle feeds on fig fruit tissue or 
the fungi (particularly yeasts) occurring in the fruit, or 
both. Phillips, Smith and Smith (1925) and Caldis 
(1927) indicated the beetles feed on fruit tissue whereas 
Smith and Hansen (1931) and Hansen (1951), expressed 
the view that the beetles are mycophagous and enter 
the fig in search of fungus foods. Regardless of the reason 
for the insects entering the fig, the result of their en- 
trance is direct or indirect damage to the fruit. The pres- 
ence of beetles or their excreta or the microbial damage 
for which they are indirectly responsible make the figs 
inedible. 

Mrak, et al., (1942) reviewed the literature concerned 
with the microbiology of the fig fruit. They also reported 
their own studies concerning the occurrence of various 
types of yeasts in soured figs. One hundred and fifteen 
yeasts were isolated from the interior of infected fresh 
figs prior to drying. Sixty-four of the yeasts formed 
ascospores, whereas 51 were imperfect forms. Most of 
the isolates were species of Saccharomyces or Candida, 
although a few cultures of Pichia, Hanseniaspora, Klo- 
eckera, and Torulopsis and single cultures of Hansenula 
and Debaryomyces were also obtained. 


There is no available information concerning § the 
association of yeasts with the dried-fruit beetle that can 
be interpreted in terms of presently accepted taxonomy. 
Furthermore there are no data to substantiate the view 
that the dried-fruit beetle responds chemotactically to 
yeast. The purpose of this investigation was to obtain 
information concerning these points. 


EXPERIMENTAL METHODS 
Beetle Collection 


Beetles were collected between August 14 and Septem- 
ber 15, 1950, from two varieties of figs (Adriatic and 
Calimyrna) in three orchards, two of which were located 
near Fresno and one near Planada, California. Collec- 
tions were made between mid-morning and mid-after- 
noon since the beetles were more active and more apt to 
feed when the fruit temperature was above 20 C. 

The figs yielding beetles had undergone some drying 
and nearly all showed some sign of souring. Beetles were 
not found in immature or very dry figs, or in figs suffi- 
ciently cracked to permit exposure of the inside juicy 
flesh. 

Beetles were collected directly from the fruit by 
holding the open end of a sterile vial (1 x 3 inches) over 
the “eye” of the fig while it was gently tapped and 
squeezed. This induced beetles to emerge from the in- 
fested fruit and drop into the vial. Figs were also tort 
open to enable removal of beetles from deeper portions 


of the cavity. 
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The tubed beetles were either washed and dissected 
immediately or cooled rapidly to 5 C and after several 
hours were washed and dissected within 25 minutes. 
This procedure was essential since the beetles were 
found to digest yeasts very rapidly at room tempera- 
ture. 


Dissection of Beetles and Isolation of Yeasts 


Each beetle was removed from the vial with sterile 
forceps and placed in several drops of sterile water on 
the surface of a wort-propionate-agar plate (5° Brix wort 
with 0.25 per cent sodium propionate). The washed 
beetle was removed and residual water streaked evenly 
over the plate. The beetle was then dipped in 95 per 
cent ethanol and mounted, dorsal side up, on a sterile 
paraffine block. The head was severed and the anal seg- 
ments of the exoskeleton broken without severing the 
out. The gut was then removed with a very fine needle 
having a hooked end, and placed in a few drops of sterile 
water on a second wort-propionate-agar plate. It was 
then pulled apart and the contents streaked on the 
plate. Pure cultures of yeast were obtained by three 
successive platings. 

Identification was accomplished by use of the pro- 
cedures of Lodder and Kreger-van Rij (1952). 


Digestion of Yeasts by Beetles 


Very few yeasts were obtained from the intestinal 
tracts of the beetles during the early stage of the inves- 
tigation when exploratory tests were being conducted 
for the purpose of developing experimental procedures. 
This was attributed to the rapid rate of digestion of 
yeasts by the beetle, although there was no evidence to 
substantiate this view, aside from the observations of 
Shihata ef al., (1952) on Drosophila. It was considered 
essential, therefore, to obtain data on the rate of diges- 
tion of yeasts by C. hemipterus. Beetles which had been 
deprived of food for 36 hours were permitted to feed on 
{8-cultures of Candida krusei or Hanseniaspora valby- 
nsis. The beetles started to feed within a few minutes 
after being placed in the vial with food. After feeding 
lor about two hours the beetles stopped eating and 
started moving about the vial. At this time they were 
removed and held at 25 C for 0, 2, 4,8, 16, 24, or 36 hours 
before the intestinal tracts were removed and broken 
open in 1 ml of sterile water for subsequent serial dilu- 
tions and plating for counts. Results of the counts from 
the dissection of 42 beetles are given in table 1. The 
number of cells observed immediately after feeding is 
much lower than reported for Drosophila by Shihata et. 
al. (1951). Drosophila, however, has a crop capable of 
distention so that it sometimes nearly fills the abdomi- 
nal cavity whereas Carpophilus hemiplerus does not 
have such a structure. Shihata and Mrak observed that 
the rate of digestion was much slower at lower tempera- 
tures. 

Similar observations were made on the dried-fruit 


beetle. For these reasons it was considered essential to 
dissect the beetles very soon after collection or to store 
them at a low temperature (5 C) until dissection. 


Yeasts Isolated from Beetles 


Seventy-five cultures of yeasts were isolated from the 
gut and the exterior surface of the beetles, 32 of which 
were sporulating and 43 non-sporulating forms. Most of 
the isolates were identified as species of Hanseniaspora 
and Candida rather than Saccharomyces and Candida as 
found by Mrak, et al., (1942) on fresh figs. Several iso- 


TaBLeE 1. Rate of digestion of yeasts by Carpophilus hemipterus 
at 25 C 


AVERAGE NO. VIABLE CELLS IN INSECT 
TIME AFTER FEEDING 


Candida krusei Hansenias pora valbyensis 


hr 

0 15,000 15,300 
2 300 300 
4 75 100 
8 40 50 
16 20 20 
24 2 3 
36 0 0 


TaBLE 2. Number and species of yeasts isolated from dried 
fruit beetles 


FROM IN- | FROM SUR- 


TAXONOMIC DESIGNATION TESTINAL FACE OF TOTAL 
TRACT BEETLE 
UIE IOP BER 3s eB a Sets es 9 16 25 
SACCRATOMIYCES TOBEE 5 5.5.5 6005.6 cones 1 ] 
Hanseniaspora valbyensis.......... 17 13 30 
Kloeckera apiculata................ 1 2 3 
Pichia membranaefaciens........... 1 1 
Rhodotorula mucilaginosa.......... 1 1 
Torulopeis Gund... ccc cee eens 1 1 
Torulopsis carpophila nov. sp... 3 5 8 
Torulopsis lactis-condensi.......... 1 3 } 
Torutopsrsstelata... oe os ec nes 1 1 
Total number of isolates. ......... 33 42 75 
Sporulating isolates............... 19 13 32 


Non-sporulating isolates. ......... 14 29 43 


lates of Torulopsis and Kloeckera and single cultures of 
Saccharomyces, Pichia, and Rhodotorula were also iden- 
tified (see table 2). 

Sporulating yeasts. The 30 isolates of H. valbyensis 
were similar to the culture (termed Hanseniaspora mel- 
ligert) originally isolated from dates by Melliger (Lod- 
der, 1932) and subsequently from California figs, dates 
and prunes by Mrak, et al., (1942). The single cultures 
of Saccharomyces rosei and Pichia membranaefaciens are 
similar to the described species which was first isolated 
from soil and is presently characterized as a food spoil- 
age organism capable of tolerating adverse conditions 
for growth. 

Non-sporulating yeasts. It is of interest that over half 
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of these yeasts were identified as Candida krusei, an 
organism that has been isolated in California from figs 
and dates a number of times. Three cultures identified 
as Kloeckera apiculata are probably imperfect forms of 
Hanseniaspora. Aside from one culture of Rhodotorula 
mucilaginosa, all other isolates were members of the 
genus Torulopsis. Eight of these are included in a new 
species (Torulopsis carpophila), although they resemble 
Torulopsis holmii in some respects. They differ by fer- 
menting the entire raffinose molecule rather than only 
1g of it, and by forming clusters of cells as well as single 
or pairs of cells in liquid wort. Other differences include 
the formation of a thin pellicle and certain slant culture 
characteristics. These differences are considered suffi- 
cient to justify the description of a new species. 


TABLE 3. Temperature range for growth of yeasts isolated 


TEMPERATURE (C) 


ORGANISM Minimum Maximum 


0 2. 5 


on 


oo 
on 
ow 
- 
2 


39.5 44 46 48 


Candida 

kruset.......) — | —-—) — 
Hanseniaspora 
valbyensis.... — — + 
Kloeckera 

apiculata.... -— -—- > — 
Torulopsis 

albida....... + + 4+ 
T. carpophila, 

Ov ED...... —i-—-|ct+ 
T. lactis-con- 

Re ont = -\- 
Saccharomyces 

ro8@t.........) — | — 
Pichia mem- 

branae- 

faciens...... —)}—}/4+i4+i4+);—-)/—-/-—-/-|[— 
Rhodotorula 


mucilagin- 


+ ++ + + + + 
-f- 
+ + + + 
| 
| 
| 


Tp rimr tele lel 
T. stellata..... + + 


Torulopsis carpophila sp. nova 

Growth in liquid wort after 24 hours, cells single, in 
pairs or in small clusters. Cell shape, globose to ellips- 
oidal. After 4 days and 3 weeks cell characteristics same. 
Cell size, width (1.5-4.2y) and length, (2.4-5.1u). After 
3 days in liquid wort a very thin incomplete dull film 
and heavy ring. 

Growth on wort-agar after 4 days, cells mostly single 
and in pairs, globose to ellipsoidal. Range of cell size 
(1.5-4.84) x (2.1-5.ln). Wort slant culture nearly 
white, surface smooth, slightly glossy, texture soft and 
pasty, border entire, cross-section slightly convex with 
a flat narrow border. 

Ferments glucose, galactose, sucrose, raffinose 
strongly and melibiose weakly. Maltose and lactose not 
fermented. Assimilates glucose, galactose, maltose, and 


sucrose. Does not assimilate lactose. Utilizes pej ‘one, 
asparagin, ammonium sulphate, and urea but not ni- 
trate, in the presence of vitamins. 

Alcohol utilized in the presence of vitamins, wit! the 
formation of a white sediment and a very thin, smooth, 
dull pellicle. Without vitamins, the pellicle is complete 
and sediment formation is meager. No esters formed in 
alcohol medium or liquid wort. Weak to moderate acid 
formation on Custer’s chalk agar. Fat not split. Arbutin 
split readily. 

Temperature and growth. Since the activity of the 
dried-fruit beetle was greater at the higher tempera- 
tures occurring between mid-morning and mid-after- 
noon in the localities where the beetles were collected, 
it was deemed advisable to determine the temperature 
range for growth of the yeasts isolated. This was done 
by inoculating 10 per cent wort-agar slants and incu- 
bating at various temperature. The results obtained 
from representative isolates are summarized in table 3. 

Most of the yeasts isolated from the dried-fruit beetle 
were able to grow at rather high temperatures for yeast. 
This is especially true for C. krusei, an organism which 
has not been reported as being able to grow at 46. 
Most yeasts grow best at temperatures below 37 C. At 
low temperatures only 7’. albida was unusual in that it 
grew at 0 C, a characteristic in line with that of the type 
species. 

Sugar tolerance. The fig substrates from which the 
yeasts were isolated ranged in sugar concentration from 
about 40 per cent (relatively moist) to 55 per cent and 
sometimes 60 per cent (commercially dry). Since the 
yeasts came from beetles in figs which had shrivelled 
and undergone some drying, the question arose concern- 
ing the ability of the yeast to grow under these various 
conditions. In order to obtain information relative to 
sugar tolerance of the organisms isolated, they were 
inoculated into fermentation tubes containing 15° Brix 
liquid wort to which cerelose was added giving concen- 
trations from 35° to 60° Brix. The majority of the iso- 
lated organisms produced gas in tubes containing the 
50° or 55° Brix medium but only two (Saccharomyces 
roset and Torulopsis lactis-condens?) showed growth in 
the 60° medium. 

Transfers of cultures of Saccharomyces isolated by 
Mrak, et al., (1942) were tested for growth in a 45° Brix 
medium and it was found to be practically absent. They 
also noted that all isolates of Saccharomyces as well as a 
number of other cultures failed to grow in 40° Brix 
syrup. Thus it is quite possible that the influence of 
concentration, resulting from maturation and drying of 
the fig may account for the difference in types of organ- 
isms isolated in the present study and those found by 
Mrak, et al. 

Attractivity tests. Yeasts commonly occurring in figs 
have been found in large numbers in the intestinal tracts 
of most of the beetles collected from figs. This might be 
taken as evidence to indicate that beetles are attracted 
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by the yeasts present in the fig. This is still an open 
question, however, for it can be argued that yeasts 
are ingested by accident and that they play no role in 
attracting the beetle to the fruit. Such reasoning gives 
rise to the thought that the effect of yeast and fig tissue 
combined might hold the greatest attractivity for the 
beetle. 

In an effort to obtain information on questions such 
as that indicated above, a series of attractivity tests 
were made by use of a variety of substrates. These con- 


TABLE 4. Attractivity tests with dried-fruit beetles 


NUMBER OF 


| 
OG a lll 

2 | Yeast A (Candida kruset) Agar 3 
3 Yeast B (Hanseniaspora val-| Agar 3 

byensis) 
4 | Yeast C (Torulopsis carpo-| Agar 2 

phila nov. sp.) | 
19 | Yeast A and B | Agar 11 
20 | Yeast A and C | Agar 5 
21 Yeast B and C | Agar 5 
22 Yeast A, B, and C | Agar 12 
1 None Fig Tissue 2 
8 | Yeast A | Fig Tissue 8 
9 | Yeast B | Fig Tissue 7 
10 | Yeast C Fig Tissue 7 
15 | Yeast A and B Fig Tissue 7 
16 Yeast A and C Fig Tissue 5 
17. Yeast B and C | Fig Tissue 5 
18 Yeast A, B, and C | Fig Tissue 9 
5 Yeast A and Acetobacter Fig Tissue 7 
6 | Yeast B and Acetobacter | Fig Tissue 5 
7 | Yeast C and Acetobacter Fig Tissue 9 
11 Yeast A and B and Acetobacter| Fig Tissue 11 
12 | Yeast A and C and Acetobacter| Fig Tissue 7 





13 Yeast B and C and Acetobacter 
14 Yeast A, B, and C and Aceto- 


Fig Tissue 6 
Fig Tissue 10 
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sisted of all possible combinations of the three predomi- 
nant types of yeasts isolated from the dried-fruit beetles 
(C. kruset, H. valbyensis, and T. carpophila) and a cul- 
ture of Acetobacter (table 4). 

Active cultures of yeasts were inoculated onto agar 
slants and pieces of Calimyrna figs containing about 65 
per cent moisture. These were incubated at 25 C for 24 
hours before use in attractivity tests. In the Acetobacter 
tests, transfers were made from active cultures to 24- 
hour yeast-fig cultures which in turn were incubated 
another 24 hours before use. The combination of Aceto- 
bacter and yeast was used with the view of imitating fig 
souring that occurs quite commonly in the orchard. 

Beetles were deprived of food for 36 hours prior to 
subjecting them to the attractivity tests. 

Twenty-two substrates were placed in small vials (1 x 
11, inches) which were arranged at random on the cir- 


cumference of a circle 18 inches in diameter. The entire 
test was conducted in a large pan with steep sides to 
retain the beetles in the test area. The 22 vials were 
placed on their sides with each opening located toward 
the center. Precautions were taken to eliminate the 
pathway of the previous beetle by placing a paper disk 
(12-inch diameter) in the center of the circle before re- 
leasing the next beetle. Light intensity was kept low 
and evenly distributed over the pan. The room in which 
the tests were conducted was free of other food odors 
that might have distracted the beetles. Attractivity was 
indicated by the vial entered and in which the beetle fed. 
The results were interpreted statistically. 

An examination of table 4 shows that fig tissue alone 
and yeast C alone were least attractive to the beetles. 
Single yeast cultures on agar also had a low attractivity. 
The combination of yeasts A and B on agar slants at- 
tracted larger numbers of beetles; however, other com- 
binations of yeasts on agar were much less attractive. 
When single yeasts were grown on fig tissue the attrac- 
tivity increased to a point. Growing more than one yeast 
on fig tissue failed to increase the attractivity signifi- 
‘cantly in contrast to the effect of combining yeasts on 
agar slants. 

Statistical analysis of the data indicated that there is 
no significant interaction among the five factors con- 
sidered: Yeast A, B, and C, Acetobacter, and fermented 
fig tissue. Furthermore, the beetles were indifferent to 
the factors of Acetobacter and fermented fig tissue, but 
showed a preference for yeast A, B, fig tissue, and yeast 
C in this order. Under the assumption of no interaction, 
there was a significant preference for yeast A. Yeast A 
produced a stronger ester odor than did B or C. The 
factors of sourness due to Acetobacter and fermentation 
caused by yeasts on fig tissue were shown by statistical 
analysis to have no influence on the attractivity of the 
fig to the beetle. 
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SUMMARY 


Seventy-five yeasts were isolated from the gut and 
exterior of the dried-fruit beetle (Carpophilus hemipte- 
rus, (Linn.)). Most of the yeasts isolated were Candida 
krusei (25) and Hanseniaspora valbyensis (30). Other 
yeast isolates were Kloeckera apiculata (3), Pichia mem- 
branaefaciens (1), Rhodotorula mucilaginosa (1), Saccha- 
romyces rosei (1), Torulopsis albida (1), Torulopsis car- 
pophila, nov sp (8), Torulopsis lactis-condensi (4), and 
Torulopsis stellata (1). 

One new species, Torulopsis carpophila, sp nova, is 
described. 
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The temperature range of growth was 5-39.5 C. Can- 
dida krusei was able to grow at 46 C. Torulopsis albida 
was able to grow at 0 C. 

The sugar tolerance was 50-55° Brix syrup. Saccha- 
romyces roset and Torulopsis lactis-condensi were able to 
tolerate 60° Brix syrup. 

Attractivity tests with dried-fruit beetles indicated 
that they responded most to Candida krusez, then Han- 
seniaspora valbyensis, fig tissue, and Torulopsis carpo- 
phila, nov sp in that order. 

The rate of digestion of yeasts by the insects was 
rapid, most of the cells being destroyed at 25 C in 1+4 
hours after feeding. 
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Investigations by Moyer (1936b), Joffe and Mudd 
(1934), Stearns and Roepke (1941), and others have 
shown striking differences in electrophoretic mobility 
between the variant cells of certain species of bacteria, 
especially between mutants differing in antigenic char- 
acteristics and colonial morphology. Therefore it seemed 
that at least for some species it should be possible to 
develop an electrophoretic method for assaying the de- 
gree of heterogeneity within populations containing 
variants. One method commonly employed to detect 
variants differing in antigenicity, virulence, colony mor- 
phology, and other associated characteristics (Braun, 
1947) consists of streaking cell suspensions on plates 
containing transparent agar medium and subsequently 
inspecting colonial morphology with the help of 
obliquely transmitted light (Eigelsbach et al., 1951). 
The percentage of each variant type can then be esti- 
mated by counting the frequency of a given colonial 
type among at least 100 colonies inspected. The hope of 
being able to secure by the electrophoretic method the 
advantage of a rapid assay, in contrast to the delay in- 
herent in the method based upon plating and inspection 
of colonial types, led us to the investigation reported 
here. 

The first series of experiments was designed not only 
to compare the electrophoretic method with the plating 
method described above, but also to provide an estimate 


of the consistency of measurement of each of these 
methods. The measurements were made on mixtures 
containing a substantial fraction (at least 20 per cent) 
of the minor component of a pair of variants. The organ- 
isms used were Pasteurella tularensis (Bacterium tula- 
rense), strain 38, variants 38 8; (smooth) and 38 Ns; 
(nonsmooth) (Eigelsbach ef al., 1951). Neither strain 
produces clumps in liquid culture. 

The second series was designed to compare the two 
methods when the minor fraction comprised | to 20 per 
cent of the mixture, and to determine thus whether the 
appearance and subsequent establishment of the non- 
smooth variant in an initially smooth broth culture 
might be followed by the electrophoretic method. It was 
done with P. tularensis variants isolated from the Schu 
strain, namely Schu 8; (smooth) and Schu NS; (non- 
smooth). The latter has a pronounced tendency to 
clump in saline or broth (Eigelsbach eé al., 1951). 


PRINCIPLES OF THE ELECTROPHORETIC ASSAY 


In electrophoresis by the microscope method, parti- 
cles suspended in a conducting medium are observed as 
they move under the influence of an electric field. The 
velocity is calculated from the observed time (called the 
“excursion time’’) taken by the particle to traverse a 
given distance, as measured in the eyepiece reticle. The 
electrophoretic velocities of individual cells in a ho- 
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mogeneous population, consisting of one genetic type 
only, are not all the same. The velocity distribution 
curve is usually unimodal, although it has been noted 
that a stable, apparently genetically homogeneous, 
smooth strain of /’scherichia coli carried in this labora- 
tory yields distribution curves with two well resolved 
maxima, a phenomenon that may be associated with the 
flagella of this strain. In attempting to assay electro- 
phoretically a mixture of two types of cells (variants) 
by counting the numbers of rapidly and slowly moving 
particles crossing a reference line, it is obvious that the 
apparent fraction, 1, of the variant possessing the 
higher average velocity will be greater than the true 
fraction, /,, of that variant in the total population. It 
can be shown! that if the average velocities of the 
types of cells are 0; and de, 


l 


. "1+ Pai /Pits 


or in terms of the average excursion times, é; and fs, ac- 
tually measured, 


l 


9 _— a ~ 
“i fi 1+ Pot, /Pri, 


It has been shown above that an estimate of the true 
fraction of a variant is easily computed from the appar- 
ent fraction, but in practice it is not always easy to 
measure the apparent fraction. Given two variants, each 
with a unimodal velocity distribution, the velocity fre- 
quency histogram of the resulting mixture can be classi- 
fied into one of four categories: (A) few or none of the 
measured frequencies can be assigned with confidence 
to either variant, (B) an appreciable portion of the meas- 
ured frequencies cannot be directly assigned, but there 
are two well resolved maxima, (C) all measurements 
may be assigned with reasonable confidence using the 
histogram, and (D) the distributions are so different 
that all measurements may be assigned without plotting 
a histogram. The appropriate techniques will now be 
considered. 

(A) Such systems cannot be assayed electrophoreti- 


‘Although the distribution of each cell type (variant) 
usually approximates that of a normal curve, the derivation is 
valid for the general case‘dn = f(v) dv, where dn is the number 
having velocities between v and (v + dv). The apparent frac- 
tion of variant 1, P;, is equal to the ratio of the path length 
traveled per second by the individuals of variant 1 divided by 
the total path length per second traveled by all individuals, 


that is, 
io] 0 oo 
Pi = / Siledv w/ | filv)v dv +/ folv)uv dv 
— o© — 60) a 


Equation (1) is derived by substituting 
| filv)v dv/fi(v) dv =», Ni/N = Fy, 


D1 /d» = to/ hi, Py, =j]- Fis and F, =]-—- F, 


cally unless a treatment can be found which has a differ- 
ential effect on the two variants with respect to their 
surface charge, and the system thus converted to one 
belonging in another category. This might be feasible, 
since equal or nearly equal values of the charge per unit 
area may result from widely different types of surface 
structure. 

(B) and (C) If the excursion times are measured for 
a large number of organisms and a histogram prepared, 
those in the region of overlap, if any, may be assigned 
by a method similar to that reeommended by Svedberg 
and Pedersen (1940). It is most important for the in- 
vestigator to devise a scheme for random selection of 
organisms, for the attention will be attracted to those of 
higher velocity. The average excursion time can be 
computed for each group from these data. 

(D) At least three different techniques are available 
for this case: (1) That suggested in the preceding para- 
graph. This is time-consuming and is recommended only 
when consistent results are not obtained by either of the 
other two methods. (2) It may be possible to arrange 
experimental conditions in such a way that one variant 
remains motionless while the other has a low velocity. 
The concentration of the suspension should be adjusted 
so that the field viewed contains about twenty organ- 
isms. The number of organisms is counted, the electric 
field is applied, and the number which move is noted. 
The procedure is repeated with a new field until suffi- 
cient data are collected. This method has the advantage 
of directness, as the observed fractions are the true 
fractions F, and Fy». (3) Since the gap between the two 
distribution curves is such that the eye can instantly 
decide to which of the two groups a particular particle 
belongs, the apparent fractions can be measured by 
counting all the particles which cross a selected reference 
line in the eyepiece reticle, at the same time noting those 
of a particular type. It is desirable to record the number 
of cells of one type in every total count of 50 or 100 as a 
check on the consistency of the count. It is also neces- 
sary to measure the excursion times of a group of cells 
of each type selected at random, so that equation (2) 
‘an be used to compute the true fractions of the two 
types of cell. 

If the purpose of the measurement is an accurate as- 
say of a population containing an appreciable frac- 
tion of a variant cell type, it is desirable for the 
ratio 0; /d2 to be close to unity. If the problem is only 
to detect a variant comprising a very small fraction of 
the population (less than 1 per cent), it is desirable that 
the velocities of the variant cells be large compared to 
those of the other particles. 

The following remarks on the theory of the micro- 
scope method show how this condition can be satisfied 
by appropriate adjustment of the experimental arrange- 
ment. The observed velocity of a particle in the electro- 
phoresis chamber is the sum of the electrophoretic 
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velocity (velocity of the particle with respect to the 
liquid) and the electroosmotic velocity (velocity of the 
liquid with respect to the walls of the electrophoresis 
chamber.) For a given field strength, the former is con- 
stant throughout the cell, but the latter varies both in 
magnitudeand direction with the distance from the walls 
of the chamber. Further, the ratio of the electrophoretic 
velocity to the electroosmotic velocity at a given dis- 
tance from the wall varies with the field strength. Thus 
the observer has considerable control over the ratio of 
velocities 3,/t2. By selecting a suitable field strength 
and making the observations at a carefully chosen 
“Jevel” in the electrophoresis chamber it is sometimes 
possible to ensure that the ratio becomes negative. In 
this case the direction of motion of the variant cells is 
the opposite of that of the predominant type, and accu- 
rate counting is much easier.” 


EXPERIMENTAL METHODS 
Sample Preparation and Plate Assay in Series 1 


For this series P. tularensis variants 38 S; (smooth) 
and 38 NS; (nonsmooth) were used. The cultures were 
prepared by inoculation of 60 ml peptone cysteine broth 
(Eigelsbach et al., 1951) contained in a 250 ml Erlen- 
meyer flask, with one ml of a 24 hour broth culture, and 
incubation with mechanical shaking for 24 hours at 
37 C. These cultures were mixed in the proportions of 
n ml of 388; to 1 ml of 38N,, n being 0.5, 1.0, and 2.0. 
For each sample, two plates of peptone cysteine agar 
(Snyder et al., 1946) were streaked immediately and 
incubated at 37 C for 72 to 96 hours. The proportion of 
each variant was then determined by inspection and 
counting of colony types using the method of Eigelsbach 
et al., (1951). A total of at least 100 colonies was in- 
spected on each plate. For the electrophoretic assay, 
the mixed broth cultures were diluted 1:30 with triple 
distilled water. The usual method of centrifuging and 
resuspending in an appropriate buffer was not possible 
because centrifuging, even when prolonged, produced a 
sediment in which the larger 38NS, cell type was present 
in higher proportion than in the original suspension. 
The diluted samples were stored at 5 C until they were 
used, not more than six hours later. In general, the ap- 
propriate dilution factor varies with the electrolytic 
conductivity of the growth medium used and the cell 
population of the sample to be investigated. It repre- 
sents a compromise between the minimum cell concen- 
tration suitable for ease and accuracy of visual observa- 
tion and the maximum conductivity that is compatible 
with the attainment of the desired electric field strength 
without excessive heating. 


Sample Preparation and Plate Assay in Series 2 


For this series P. tularensis variants Schu 8; (smooth) 
and Schu NS; (nonsmooth) were used (Eigelsbach et al., 


2 For a thorough discussion see Thompson (1942). 
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1951). Serial cultures were grown in a casein hydroly- 
zate medium for 12 hr between transfers and incub:ted 
on a mechanical shaking device at 37 C. When the «ells 
were grown in this manner, the size of the clumps was 
limited to 4 or 5 organisms in the nonsmooth culture. 
The smooth culture contained only single cells. The 
relative cell populations were estimated by turbidity 
measurements, and the two variants were mixed to vive 
a series of samples containing from 1 to 20 per cent 
nonsmooth organisms. Three sets of assay plates were 
made for each sample: (a) streak plates as in Series 1, 
(b) plates on which 0.1 ml of a 10° dilution of the sus- 
pension to be assayed had been smeared over the surface 
with a sterile bent glass rod, (c) a ‘‘smear”’ plate using 
0.1 ml of a 107 dilution. All plates were incubated at 37 
C for 48 to 72 hrs. One hundred colonies (in sets of 50) 
were inspected on each of three replicate plates of a 
set. Those inoculated with the 10° dilution produced 
1200-2000 small, but for the most part completely 
discernible, colonies. For the electrophoresis studies the 
original mixtures were diluted 1:75. 
Electrophoresis Apparatus 

The electrophoresis apparatus used was that de- 
scribed by Hartman, Bateman, and Lauffer (1952), with 
the flat electrophoresis chamber oriented in the hori- 
zontal plane. This apparatus was easily adapted to the 
measurement of migration velocities of pathogenic cells. 
A leveling bulb was connected to the inlet arm of one 
electrode vessel, and a vacuum bottle, with a large 
syringe to provide suction, was connected to the other 
electrode vessel. The suspension was placed in the level- 
ing bulb, which was then plugged with cotton. After the 
suspension was drawn into the apparatus the vacuum 
bottle was opened to the air through a separatory funnel 
plugged with cotton. The apparatus was decontami- 
nated by heating in a water bath at 63 C for 1 hr. 


Electrophoretic Technique’ 


In Series | using the variants 3858,, and 38NS,, of P. 
tularensis preliminary observations on homogeneous cul- 
tures of each variant had shown that the mobility 
distributions were widely separated. Method D3, de- 
scribed in the section on Principles of the Electropho- 
retic Assay, was used. In the suspending medium em- 
ployed, the velocity of the smooth cells at the stationary 
level was close to zero and that of the nonsmooth cells 
was high. However, it was possible to find a position 
between the 0.1 level and the ceiling (or the 0.9 level 
and the floor) of the electrophoresis chamber and a value 
for the current (between 0.5 and 2.0 ma) such that t/t 
was approximately equal to —1.0. The number of 
organisms of a given sample counted varied from 200 
to 1000 (in sets of 100) depending upon the experi- 
menter’s judgment as to the consistency of the data. 


’ For a general discussion of the technique of the microscope 
method see Hartman et al (1952) and Moyer (1936a). 
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In Series 2 it was found that the mobility distribu- 
tious of the two variants of the Schu strain were very 
similar to those of strain 38, and the same technique was 
used. However, as the intention in carrying out this 
series of experiments was to simulate a routine proce- 
dure, it was decided to accept any value of t/t less than 
2 and to count exactly 400 particles (in sets of 100) 
regardless of the consistency of the data.* The latter 
decision was based on the statistical analysis of the data 
of series 1. The value of &/t, for a given level and cur- 
rent value differed from sample to sample because the 
conductivities of the samples varied. The collection of 
data and estimation of the composition of the popula- 
tion were completed in approximately fifteen minutes 
per sample. 


{ESULTS 
Series 1 


Although the primary concern of this investigation 
was a comparison of the electrophoretic method with 
the established plate count method for variants, it was 
considered desirable also to test the consistency of 
measurement with both methods. Because of the inac- 
curacy of the available methods of cell counting, the 
straight-forward method of examining samples of known 
constitution was not feasible. However, estimation of 
the proportion F, of a cell type 1 in a mixture of two 
pure stock cultures in the ratio n to 1 provides an esti- 
mate, R, of the relative cell concentrations of the two 
types in the stock cultures, where R = F,/n(1 — F,).The 
agreement among the values of R obtained for different 
values of n is a measure of the consistency of measure- 
ment within each method. In table 1 are the results of 
eight experiments, in each of which values of R were 
estimated by both the electrophoretic and the plating 
methods for three values of the mixing ratio n. Statisti- 
cal analysis yielded the following pertinent information: 

(a) The statistical variance of the individual values 
of F, obtained from different sets of 100 counts on a 
given sample was twice as large for the electrophoretic 
method as for the plating methods. (b) Within each ex- 
periment the average of the three values of R obtained 
by the electrophoretic method was not significantly 
different from the average of the three values obtained 
by the plating method. (c) If the estimates of Ff; were 
correct, and if the errors of mixing were negligible, the 
values of R calculated within each series of mixtures 
would be constant. Any systematic variation of R 
would indicate the presence of systematic errors in the 
estimates of F',. Examination of the data given in table 
| shows that in the results of the electrophoretic method 
R increases 0.012 with each 10 percentage point increase 
in F,, while for the plating method R decreases 0.053 for 
the same increase in F;. The ‘‘t” test (Snedecor, 1946) 
indicates that the former variation is not significant 


Each bacterial cell in a clump was considered separately. 


but that the latter is significant at the 1 per cent level’. 
Therefore it is probable that the accuracy of the plate 
count method for the assay of heterogeneous popula- 
tions of P. tularensis strain 38 is dependent on the per- 
centage of variants present. 


TABLE 1. Population assays on P. tularensis strains 388, 
and 38NS, by electrophoretic and plating methods 


ELECTROPHORESIS PLATE COUNT 
SAMPLE n — i - Se spel 
N Fi R N Fi R 
1 1.0 | 2 |0.535/1.2 | 4 | 0.62 | 1.8 
0.5 4 |0.38 |1.2 | 3 | 0.58 | 2.8 
2.0 4 |0.735/1.4 | 3 | 0.82 | 2.3 
2 1.0 4 | 0.655 | 1.9 4 |0.53 | 2. 
0.5 4 |0.44 |1.6 | 3 | 0.43 5 
2.0 4 |0.78 |1.8 | 4 | 0.65 | 0.9 
3 1.0 4 10.48 |0.92| 3 | 0.50 | 1.0 
0.5 4 | 0.315 |0.92| 3 | 0.43 | 1.5 
2.0 4 | 0.615 | 0.87! 3 | 0.72 | 1.3 
4 1.0 2 | 0.575/1.4 | 3 | 0.59 | 1.45 
0.5 4 |0.39 11.3 | 3 | 0.425 | 1.50 
2.0 7 | 0.745/1.4 | 3 | 0.755 | 1.85 
5 1.0 8 | 0.615|1.6 | 3 | 0.73 | 2.7 
0.5 4 |0.43 11.5 | 3 | 0.55 | 2.45 
2.0 6 | 0.765|1.6 | 4 | 0.815 | 2.2 
6 1.0 7 |0.61 |1.55| 4 | 0.65 | 1.85 
0.5 gs |0.47 11.8 | 4 | 0.425 | 1.5 
2.0 7 |0.775|1.7 | 4 | 0.66 | 0.97 
7 1.0 3 | 0.59 | 1.45 | 4 | 0.32 | 0.48 
0.5 3.10.43 |1.5 | 4 | 0.22 0.56 
2.0 4 |0.76 |1.6 | 4 | 0.59 | 0.72 
8 1.0 6 | 0.64 |1.8 | 3 | 0.59 | 1.45 
0.5 4 | 0.485/1.9 | 1 | 0.50 | 2.0 
2.0 4 | 0.755 /1.55| 3 | 0.66 | 0.97 


n = ml stock strain 388, added to 1 ml strain 38NS;. 

F, = average fraction of strain 388, (smooth) cells in mix- 
ture, measurement by essay. 

R = calculated ratio of cell concentration in stock suspen- 
tion 38S, to that in stock suspension 38N8. 

N = number of sets from which average was calculated. 





Series 2 

The results are presented in table 2. Statistical analy- 
sis gave the following information: 

(a) Neither the differences between sets of 50 on a 
given plate nor the differences between the averages for 
different plates were found to be significant for any of 
the plating techniques employed. The coefficient of 
variation (C.V.) was about 22 per cent. The C.V. for 
the electrophoretic method was 18 per cent, which is 
significantly lower, at the 5 per cent level, than that for 

5 That is to say, the probability is one in one hundred that 


this would occur fortuitously as the result of measurements in 
which there is no systematic error which varies with F;. 
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the plating method. (b) Considering the 10 sets for 
which complete data are available, the average value 
for the percentage of nonsmooth cells obtained from the 
10’ dilution plates is 20 per cent lower than the average 
for all techniques emploved. The difference is significant 
(p of 5 per cent). The results of the remaining methods 
do not differ significantly from each other. The reason 
for the discrepancy in the case of the 10’ dilution plate 
is not known. However, as the agreement between the 
electrophoretic data, the streak plate count, and the 
10° dilution plate count is excellent, it seems that the 
electrophoretic method could be substituted for the 
plating method without loss of accuracy. 


TABLE 2. Population assays of P. tularensis strains Schu S; 
and Schu NS; by electrophoretic and plating methods 


AVERAGE FRACTION scHU NS; BY 


AVERAGE PLATING METHODS* 


FRACTION OF SCHU 


= NS; BY ELECTRO- 
PHORESIS Streak 106 dilution 10? dilution 
plate smear plate | smear plate 
1 0.36 0.31 0.32 0.31 
2 0.31 0.22 0.28 0.27 
3 0.22 0.26 0.27 0.20 
4 0.20 0.20 0.16 0.19 
5 0.175 0.26 0.18 0.15 
6 0.155 0.18 0.16 0.16 
7 0.14 — 0.11 0.13 
8 0.12 0.13 0.12 0.10 
9 0.10 0.09 0.09 0.06 
10 0.09 0.14 0.11 0.10 
11 0.08 0.10 0.06 — 
12 0.040 0.09 0.07 0.08 
13 0.040 — 0.050 0.015 
14 0.040 — 0.040 0.030 
15 0.035 0.06 0.06 0.06 
16 0.030 0.06 0.010 0.005 
17 0.020 aon 0.020 0.01 
18 0.010 0.010 0.020 
19 0.010 — 0.025 0.010 
20 0.010 — 0.020 0.015 


* Rounded off to two significant places unless 0.05 or less. 
DIscuSssION 


The statistical analysis of the data presented leaves 
little doubt that under the conditions of the test the 
electrophoretic method of population assay is at least 
as reliable for the determination of the frequency of cer- 
tain variants as the plating method involving observa- 
tion of colony types. However, there are two obvious 
requisites for the successful substitution of the electro- 
phoretic method: 

(A) The variant must have electrophoretic character- 
istics differing from those of the parent. Judging from 
our own experience and from the abundant references 
in the literature, this requirement will probably be met 
in the case of most colonial variants. However, there is 
reason to believe that this is not the only type of varia- 
tion which is associated with a change in cellular surface 
charge characteristics. 
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(B) Estimates based on the electrophoretic met!iod 
involve the total cell population, whereas the plate 
count method involves viable cells only. Therefore the 
former may be substituted for the latter only in those 
cases where almost the entire population is viable. H ow- 
ever, this limitation is offset by the fact that it gives an 
immediate estimate of the state of the cell population 
in respect to the percentage of variants present. (on- 
sidering the possible influence of the metabolites of one 
variant upon the rate of proliferation of the other 
(Braun, 1947, Goodlow et al., 1950, Zamenhof, 19-16), 
this may represent an important practical advantage 
for the electrophoretic method. 

The electrophoretic method of assay may have di- 
verse applications. It may be useful in following popu- 
lation changes involving the establishment of mutant 
cells in a liquid culture, at least until the proportion of 
nonviable cells becomes significant. It may also prove 
valuable in routine characterization of cultures grown 
for the production of vaccines, where it is necessary to 
assure the predominance of highly immunogenic types 
and where it may be more important to know the prop- 
erties of the total population than those of the viable 
population. Finally, it may be useful for the direct 
identification or characterization of variants present in 
material isolated from an infection. With existing meth- 
ods, the possibility of error as a result of population 
changes occurring during the initial cultivation in vitro 
is always a disturbing factor. 

Although this method was developed for the assay of 
bacterial populations, it could be used for the assay of 
any population containing two (or possibly three) types 
of microscopic particles which differ in their electropho- 
retic characteristics. 

It should be stressed that a population assay by the 
electrophoretic method is both rapid and simple. A 
knowledge of the relationship of the electrophoretic 
velocity and the electroosmotic velocity to the total 
velocities at different levels in the observation cell is 
helpful, but suitable conditions for assay can be found 
empirically in a reasonably short time. The technical 
difficulties are far less than those involved in making a 
precise measurement of electrophoretic mobility. 

Our work with P. tularensis variants of strains 38 
and Schu was done with viable organisms. In a few ex- 
periments with several different species, variants which 
had been killed by heating at 65 C still had mobility 
distributions which permitted an electrophoretic assay, 
although these distributions were not necessarily iden- 
tical with those of the viable cells. This may be useful 
in attempts to apply the electrophoretic technique to 
pathogenic organisms. 
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SUMMARY 

If two variants of a given strain differ in their surface 
charge characteristics, it is possible to determine the 
frequency of each variant in a mixed population by the 
microscope method of electrophoresis. This method is 
both rapid and simple. 

Statistical analysis of the results of forty-four assays 
of mixed populations of Pasteurella tularensis showed 
that the estimation of the percentage of variants by this 
method did not differ significantly from that of the 
more common method of inspection and counting of 
the colonial types developed on a solid medium. 

The results of estimates by the electrophoretic 
method refer to the total rather than to the viable cell 
population. The method could probably be applied to 
such problems as: characterization of the cell popula- 
tion and rapid identification of population changes in 
growing cultures, routine assays on material grown 
for the production of vaccines, and identification of 
variants present in primary isolates. 
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The value of 2 ,4-dichlorophenoxyacetic acid (2 ,4-D) 
and its various formulations as phytotoxic agents has 
been predicated upon their toxicity to the unwanted 
weeds in relation to their toxicity to the wanted crop 
plants; but this evaluation is based on only a part of 
the farmers’ plants. No one questions the beneficial 
roles played by many of the bacteria, actinomycetes, 
and fungi, the microscopic plants, in maintaining the 
fertility of our soils; thus it follows that any deleterious 
effect upon them by the indiscriminate use of the herbi- 
cide might be of serious consequence in the continued 
productivity of the soil. 

There have been reports (Newman, 1947; Newman, 
Thomas, and Walker, 1952; Smith, Dawson, and Wen- 
zel, 1945) on the effects of various herbicides upon the 
diverse organisms which make up the soil’s microflora. 
Because of the role of Azotobacter in the nitrogen econ- 
omy of the soil, it was thought to be worthwhile to study 
the effect of 2,4-D, the herbicide commonly used to 
control weeds in sugarcane, upon these beneficial bac- 
teria. 


MATERIALS AND METHODS 


Three soils of the sugarcane area, Mhoon, a sandy 
loam; Commerce, a very fine sand; and Sharkey, a clay, 
served as test materials after being air-dried and sifted 
through a 2 mm screen. The Mhoon and Commerce 
soils had so many Azotobacter that a portion of the soil 
had to be autoclaved and then mixed with approxi- 
mately 10 per cent of the unheated soil to get a sample 
which would insure discrete colony formation on the 
plaque surface. 

The triethanolamine salt of 2,4-D (Dow 25W-110, 
40 per cent acid eq.)' served as the test herbicide. 

The soil plaque method of Winogradsky and Zie- 
miecka (1928) was used to test the response of A zotobac- 
ter of the soils to the herbicide. Fifty g portions of a soil, 
0.5 g of mannitol, 5 ml of 3 per cent aqueous solution 
of K:HPO, and distilled water were worked with a 
spatula on a glass plate into a homogeneous pasty mass. 
This material, after being placed in an ointment box 
and with the surface of the plaque smoothed, served as 
the control. The amount of distilled water needed to get 
the proper consistency to the plaque varied with the 
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type of soil used; with the Mhoon soil the quantity 
added was 10 ml. The ointment box had a 47 mm di- 
ameter and a 15 mm depth. 

To prepare the test plaques, chosen volumes from a 
freshly prepared aqueous solution of the herbicide (10,- 
000 ppm concentration) were added to the portion of 
soil in lieu of a part of the distilled water. The concen- 
trations of the agent present in the plaques, so caleu- 
lated that they were equivalent to that of the 2,4-D 
acid, were increased in strength by increments of 200 
ppm. To assure uniformity in the consistency and 
homogeneity of the control and test plaques, the total 
volume of liquid in each plaque was kept the same, and 
-ach soil portion, in its agitation to get the pasty mass, 
was kneaded the same length of time. 

The plaques were incubated at room temperatures for 
2 to 3 days in a moist chamber. The colonies of A zolo- 
bacter which had developed upon the surfaces of the 
plaques by that time were counted with the aid of a 
binocular dissecting microscope at a 15-fold magni- 
fication. 

Pure cultures of Azotobacter were secured from the 
colonies on the control plaques by repeated purification 
on the N-free agar medium of Fred and Waksman 
(1928). They were identified as A. chroococcum by 
means of Bergey’s Manual (Breed, et al., 1948). These 
isolates together with a representative culture of A. 
agile, were tested for their response to 2,4-D. The me- 
dium used was the N-free broth of Fred and Waksman 
(1928). Fifty ml of the broth were placed in a 250 ml 
Erlenmeyer flask, and 2 ,4-D was added from the freshly 
prepared stock solution to secure the desired concentra- 
tion of the agent. For some of the higher concentrations 
the 2,4-D was used directly from the original material. 
The inoculum for all the flasks was 0.1 ml of a 24- or 
48-hour culture grown in the N-free broth. All flasks 
were agitated at the lowest speed of a variable speed 
Brunswick shaker. The determination of the numbers 
of Azotobacter present at the beginning and end of a test 
was made by plating with the N-free agar. 

To test for the possibility of increased resistance of 
Azotobader to 2 ,4-D, serial subcultures were made from 
the flask of N-free medium containing the highest con- 
centration of 2,4-D which had barely permitted growth 
into new media with the same concentration of the 
agent. 
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RESULTS 

Figure 1 shows the appearance of the soil plaques 
after incubation when either the Mhoon or Commerce 
type of soil was used. Repeated tests with the Sharkey 
clay indicated that this soil normally had such small 
numbers of Azotobacter that it would not serve for this 
type of study. Table | gives the results of eight typical 
tests made by this plaque mode of study on the Mhoon 
soil. Both figure 1 and table 1 show that when the con- 


Azotobacter to 2,4-D is shown in tables 2 and 3. The 
apparent stimulation of growth shown by the 100 ppm 
level on A. chroococcum as shown in table 2 and the 1000 
ppm level on A. agile as shown in table 3 was not demon- 
strated in every test series, but its frequency of occur- 
rence indicates a borderline concentration which might 
effect stimulation of growth or inhibition of growth. 
The culture of A. agile was less affected by the 2 ,4-D 
than were the cultures of A. chroococcum. Table 3 in- 





Fic. 1. Mhoon soil plaques. Top row left to right: Control, no 


ppm; 1000 ppm. 


centrations of the 2,4-D had reached 200 ppm, the 
numbers of Azotobacter developing were much less than 
in the control plaque, and they decreased in number as 
the concentration of the agent increased. 

The gas production in the plaques, as shown in figure 
1, was inversely correlated with the concentration of the 
2,4-D. As the concentration of the agent increased, 
there was a marked “ecrease in gas formation. A con- 
comitant finding was made when the plaques were 
removed from the ointment boxes. The solvent odor 
associated with the growth of some anaerobes was 
strong in the control plaque and in the plaques where 
gas had been produced, but was absent in the plaques 
Where no gas was evident. 

A different correlation was found with the fungi; 
their growth was directly correlated with the presence 
of the 2,4-D; the higher the concentration of the herbi- 
cide, the more profuse the fungal growth on the surface 
of the plaques. 

A response quite characteristic of the pure cultures of 


4-D; 200 ppm; 400 ppm. Bottom row left to right: 600 ppm; 800 


TaBLE 1. Numbers of Azotobacter chroococcum developing on 
soil plaques in presence of 2,4-D triethanolamine salt 


AMOUNT TEST AVERAGE 

or 2,4-D : ee ee DE- 
USED* 1 a 4 5 6 > 8 CREASE 
ppm % 
none | 211 | 230 | 191 | 105 | 153 290 | 176 | 247 — 
200 61 63 51 29; 63] 64) 58) 155| 66.3 
400 37 | 30] 24 9| 43 18 12 17 87.4 
600 11 3 0 0 2 2 2 17 | 97.8 
800 6 0 0; O 5 0 4 9| 98.4 
1000 1 0 0 0 0 0 0 0 99.9 


* Calculated as acid equivalent. 


dicates that A. agile required approximately a 10-fold 
higher concentration of the agent than was necessary 
to get the same response from A. chroococcum. 

Figure 2 shows that although 5,000 ppm of 2 ,4-D was 
markedly inhibitory to A. agile originally, this organism 
could grow readily in the same concentration after 
having been serially subcultured three times in this 
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5,000 ppm concentration of the herbicide. By this tech- 
nique A. chroococcum was also able to grow in a concen- 
tration of the herbicide which, at first, had limited its 
growth. 


TABLE 2. Effect of 2,4-D triethanolamine salt on Azotobacter 
chroococcum in N-free medium 


2,4-p* NO./ML. 
ppm thousands 
None 1,615 
100 19,650 
200 126 
300 89 
400 82 
500 62 


Time of incubation—48 hrs. 
Original inoculum—21.3. 
* Calculated as acid equivalent. 


TaBLeE 3. Effect of 2,4-D triethanolamine salt on Azotobacter 
agile in N-free medium 


2,4-p (ppm)* 
IN- 


CUBATION none | 1000 | 2000 | 3000 4000 5000 | 10,000 
TIME ee | | 
NO./ML (X 103 
hr 
24 31,500 44,500) 30,000 5,700 


224.5) 216.5) 13.3 
48 500,000 715,000 530, 000) 33,500) 212.5) 141.5) 6.0 
Original inoculum—141.5. 
* Calculated as acid equivalent. 





Fig. 2. Azotobacter agile and 2,4-D. Material removed from 
incubation flasks for photographing. 

Left tube: Freshly inoculated medium. 

Center tube: Amount of growth by unadapted culture in 
5,000 ppm after 24 hours. 

Right tube: Amount of growth by adapted culture in 5,000 
ppm after 24 hours. 


Discussion 
The increasing use of 2,4-D to destroy weeds in 
sugarcane plantations has raised the question of the 
possible concomitant injury to the microorganisms of 
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the soil. Hoover (1952) found that the bacteria, avti- 
nomycetes, and fungi were not deleteriously affec: ed 
by the 1 to 2 ppm (2 to 4% /acre) concentrations coim- 
monly used. The results of the experiments made \\ ith 
Azotobacter indicate that there is a wide margin of safety 
between the rates of field application and the experi- 
mental rates capable of being withstood by these N-iix- 
ing bacteria. 

The ability of the Azotobacter, upon serial subculturing, 
to grow readily in concentrations of 2,4-D which at 
first had prevented good growth, is of double signifi- 
cance. One thought concerns the ability of the organism 
to adjust to higher concentrations of the herbicide 
should some circumstances of field application rates de- 
mand it, and the other thought concerns the ability of 
the organism to use the herbicide as a nutrient. Should 
this latter be the case, the lasting phytotoxic effect of 
the herbicide would be diminished—a circumstance not 
desired when pre-emergence treatments are used. Un- 
fortunately the attempts at assaying the residual 2 ,4-D 
in the flasks after the growth of the Azotobacter were not 
of the desired accuracy to gauge whether or not 2,4-D 
was being used by the organisms. 

Even though no A. agile representatives were found 
in the soils tested, it is of interest to note its marked 
resistance to the harmful action of the 2,4-D. A wide 
examination of representatives of this organism might 
indicate that this species can be separated from A. 
chroococcum by its response to 2,4-D. 

Sackett and Stewart (1931) have used successfully 
soil plaques and Azotobacter to gauge mineral deficien- 
cies in soil. The soil plaque mode of study, comprising as 
it does the total microflora in an environment somewhat 
comparable to natural soil conditions, certainly permits 
an interplay of the herbicide on components of this 
microflora, such as the Azotobacter, and simultaneously 
affords the possibility of an interplay by the micro- 
organisms on the herbicide. There is the concomitant 
possibility that the inhibition of a component or com- 
ponents of the microflora might afford, by such an im- 
balance, the marked growth of another group or groups. 
One such interplay was shown when the increasing 
2,4-D concentrations caused a simultaneous decrease 
in bacterial activity and an increase in fungal growth. 
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SUMMARY 


The commonly used field application rates of 2 ,4-D 
to control weeds in sugarcane did not harm the <A 2zo/o- 
bacter population of the soils tested. It was only when 
rates were used which would be prohibitive for use in 
sugarcane that the Azotobacter growth was harmed. 
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The A. agile tested was far more tolerant of 2,4-D 
than the A. chroococcum isolates. 

It was possible to increase the tolerance of both spe- 
vies of Azotobacter to the herbicide by serial subcultur- 
ing in the presence of the agent. 
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Studies on Disinfection of Clinical Thermometers 


I. Oral Thermometers 
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A nation-wide survey of procedures currently em- 
ployed for disinfecting thermometers in hospitals and 
public health agencies has revealed the use of a wide 
variety of substances and methods. For many of these 
procedures there exists no known experimental basis; 
their effectiveness is unknown and in some instances 
seems dubious. In an attempt to evaluate these pro- 
cedures neither condemnation nor recommendation of 
any was possible because of lack of exact experimental! 
data. In view of this situation, and because of a wide 
demand for a method of disinfecting clinical thermom- 
eters which could be recommended, on the basis of 
experimental evidence, as reasonably safe from the 
standpoint, of transmission of communicable diseases, 
the present study was undertaken. The objectives of 
the study were (a) to obtain data on which to base 
evaluations of one or more currently used methods of 
disinfecting clinical thermometers, and (b) to develop, 
if necessary, one or more new methods which could 
be recommended in place of existing procedures. 

As a first step, the literature on the subject was care- 
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fully reviewed. It became evident that, while in-vitro 
tests of the action of numerous disinfectants against 
pure cultures of organisms suspended in broth media, 
saline solutions, or distilled water have been carried 
out, the action of disinfectants against infectious or- 
anisms protected in body secretions or excretions, 
such as often contaminate clinical thermometers, has 
been neglected. Cognizance is taken, of course, of the 
work of Chick and Martin (1908); Klarmann and 
Wright (1944), Horton and Kitchen (1933), McCulloch 
and Fuller (1941), and Rahn (1945) on the effect of 
serum and other organic materials on the disinfectant 
ralue of bichloride of mercury, phenol, and related 
compounds. However, these substances are not widely 
used in the disinfection of clinical thermometers. There- 
fore, it was decided to undertake an investigation of 
the efficacy of various bactericidal agents for disin- 
fecting clinical thermometers artificially contaminated 
with sputum containing Mycobacterium tuberculosis var. 
hominis, Corynebacterium diphtheriae, streptococci, and 
staphylococci. It was felt that these organisms would 
be sufficiently representative of the pathogenic bac- 
teria common in the mouth. Because of limitations of 
time, equipment, space, and personnel, no cultural 
tests were made for Borrelia, Treponema, Hemophilus, 
Neisseria, or Diplococcus. No attempt was made in 
this laboratory to determine the susceptibility of any 
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of the viruses, fungi, or rickettsiae to any disinfectants. 
It is hoped that data on these groups of microorganisms 
will become available later. 

We recognize that artificial contamination of ther- 
mometers with sputum, as carried out in these experi- 
ments, is not identical with actual contamination of 
thermometers by patients, but it was felt that the 
laboratory procedure which was adopted closely simu- 
lated the most extreme conditions likely to be en- 
countered in routine practice. It was also thought that 
this type of laboratory study must precede field testing. 


MATERIALS 


Heart infusion broth (Difco) (HIB) containing 0.1 
per cent glucose and approximately 0.5 per cent sterile, 
defibrinated blood was used to test for the presence 
of viable staphylococci, streptococci, and diphtheria 
bacilli on thermometers before and after disinfection. 

Slants of Lowenstein-Jensen medium (LJM) (Holm 
and Lester, 1947) were used to recover ./. tuberculosis 
before and after disinfection of contaminated thermom- 
eters. Not more than 24 hours before use, 0.1 ml of 
water containing 1,000 units of penicillin was placed 
on the surface of each LJM slant. The tubes were 
stored in the refrigerator until used the next day. This 
procedure was based on experiments in which penicil- 
lin, used in the manner described, was found to be an 
effective decontaminating agent for culturing VW. tu- 
berculosis when acid or alkali decontamination could 
not be used. Other workers (Kirby and Dubos, 1947; 
Abbott, 1951; Zuckerman and Rantz, 1951; Smith, 
et al., 1949; Phillips and Hanel, 1950; Whiffen, 1948) 
have published favorable reports on similar procedures 
for diagnostic purposes. 

Penicillin solution was prepared from Penicillin G 
Potassium buffered with sodium citrate, and contained 
10,000 units per ml. Penicillin solutions were kept in 
the refrigerator and were not used after they were 
one week old. 

All tubes of all media were incubated for 48 hours 
before use to test for sterility. 

In pilot experiments on the various disinfectants and 
procedures, smooth glass rods, 100 to 110 mm long 
and 2 to 3 mm in diameter, were used instead of ther- 
mometers for ease of handling. In several instances 
when, after the pilot tests, it appeared that any disin- 
fection procedure might prove to be satisfactory in 
actual use’, oral thermometers without mercury were 
used to complete the study. The thermometers were 
included to determine whether the contours and ridges 
on thermometers would interfere with the cleaning 


4 The statistical basis for decision to include or exclude a 
given disinfectant was adapted from Wald (1947) for this 
study by Mr. Myron G. Willis, Communicable Disease Center, 
Atlanta, Georgia. 


and disinfection procedures. The glass rods and ¢jer- 
mometers were sterilized with dry heat, or autocl: ved 
with a small amount of moisture, in groups of 1}) to 
20 in 18 by 150 mm tubes. 

Special metal racks were designed and made to tr:ins- 
fer 10 thermometers from the disinfectant solutions 
through two rinses of water or neutralizing solution, 
These racks had notches on two sides to support the 
thermometers, open bottoms to prevent transfer of 
excessive disinfectants, and a ring attached to the 
center bar to permit transfer of the tray without con- 
taminating the thermometers. 

All disinfectant solutions were prepared aseptically 
immediately before use, using C.P. chemicals unless 
otherwise indicated, and adding sterile distilled water 
in the necessary amount for the desired dilutions. All 
70 per cent ethyl alcohol solutions were made volu- 
metrically from 95 or 100 per cent alcohol. 

Potassium iodide (10 per cent solution) was used 
at first for removing iodine from glass rods and ther- 
mometers when the disinfectant solutions contained 
iodine. One per cent sodium thiosulfate was substituted 
later. 

Soap solutions were prepared aseptically. The liquid 
soap used in Procedure 3 was prepared as a 50 per 
cent aqueous solution from Soap-Liquid-Toilet, Fed- 
eral Spec. P-S-618a. The tincture of green soap solution 
used in Procedure 4 was prepared as a 50 per cent 
aqueous solution from tincture of green soap, U.S.P. 
The tincture of green soap solution used in Procedure 5 
was prepared by adding equal parts of 95 per cent 
ethyl alcohol to tincture of green soap, U.S.P. 

Specimens of fresh sputum (less than 24 hours old) 
were obtained from patients who had active pulmonary 
tuberculosis and who were not receiving any chemo- 
therapy. Only those specimens which revealed acid- 
fast bacilli on direct examination of stained smears 
were used. Specimens were used individually and not 
pooled. Each specimen (approximately 10 to 15 ml) 
was contaminated with 0.1 ml of a 24-hour broth cul- 
ture of C. diphtheriae and was stirred carefully to mix 
the broth culture with the sputum. Streptococci and 
staphylococci were invariably present in the sputa. 
No specimen of sputum was used for more than five 
tests with each disinfectant. Several different disin- 
fectants were frequently tested simultaneously with 
one specimen. 


MeEtTHODS 


In each of 539 preliminary tests, 12 culture tubes 
were arranged for each disinfectant as follows: 
Tube No. Pur pose Media 


A and B Sterility tests on sample HIB 0.1 per cent glu- 
rod from each _ packet 
used. 


cose, with blood 
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Tube No. Pur pose Media 

1 Culture for presence of HIB 0.1 per cent 
staphylococci, strepto- glucose, with blood 
cocci, and C. diphtheriae 
on rod before disinfec- 
tion. 

2 Culture for presence of M. Lowenstein’s medium 
tuberculosis on rod before with 1,000 U Peni- 
disinfection. cillin 

3 and 4 Cultures for presence of (Same as 1, 2,° re- 


test organisms on rods spectively) 
after rinsing with water 
only. 
5 and 6 Cultures for presence of (Same as 1, 2, re- 
test organisms on rods 
after disinfection. 


spectively) 


7and 8 Tests on sterility of first (Same as 1, 2, respec- 


ca | 

rinse water before use. tively) 
Jand10 Tests on sterility of sec- (Same as 1, 2, respec- 
ond rinse water before 


use. 


tively) 


Each test in this series consisted, therefore, of a 
group of control cultures and test cultures on pairs of 
glass rods, all of which were contaminated with one 
specimen of sputum and submitted simultaneously to 
the same disinfection procedure. In these 539 pilot 
experiments, each disinfectant was tested as described 
at least 15 times, using a different specimen of sputum 
each time. 

In each test, six sterile glass rods were slanted in 
a Petri dish containing a specimen of sputum so that 
one end of each rod was in contact with the sputum 
and the other end remained clean. The glass rods were 
immediately contaminated with the sputum by means 
of a sterile wooden applicator. An effort was made to 
deposit a thin film of sputum of uniform thickness over 
the rods. After the glass rods had been contaminated, 
they were placed in a sterile, covered, dry, enamel pan 
using aseptic technic. The pan containing the contami- 
nated glass rods was placed in the incubator for 30 
minutes at 37 C to permit some drying. This step was 
included to simulate many practical situations in which 
nurses take temperatures and do not clean and/or 
disinfect thermometers until 20 to 30 minutes later. 

After drying at 37 C for 30 minutes, two glass rods 
of each group of six were removed with sterile forceps 
to tubes Nos. 1, 2 (contaminated controls). All glass 
rods which were placed on slants were rolled on the 
slant to permit contact of all sides of the glass rod with 
the medium. 

Two more of the contaminated rods were placed in 
a metal rack in an enamel pan. Sterile distilled water, 
in lieu of disinfectant, was poured gently into the dish 
beside the rods until the fluid completely immersed 
them. The time of contact was the same as the time 
of disinfection in the test run described below. 

Two more contaminated rods were handled exactly 
as above but, instead of water, disinfectant solution 


was poured into the dish with the glass rods. A stop 
watch was started immediately after the glass rods were 
covered with the water or disinfectant. Three hundred 
ml of sterile distilled water were then poured into each 
of four sterile enamel pans; two successive pans for 
removing, inactivating, or diluting the disinfectant, and 
two for the parallel water control. As a control on the 
sterility of the water in the pans 0.5 ml from each pan 
was pipetted into each of four tubes (Nos. 7 to 10). 
These never showed growth. 

After exactly 10 minutes the racks containing the 
glass rods were removed from the water and disin- 
fectant solutions, respectively, and quickly rinsed by 
dipping each into two successive water pans. As quickly 
as possible, the two water-treated glass rods were then 
removed from their rack with sterile forceps and placed 
in tubes Nos. 3 and 4, and the two disinfectant-treated 
rods were placed in tubes Nos. 5 and 6. 

When solutions of iodine were used as disinfectants, 
the first of the two successive rinse pans contained a 
10 per cent aqueous solution of potassium iodide. Rins- 
ing was continued for a sufficient time to remove the 
iodine before final rinsing. The time necessary to re- 
move all iodine in potassium iodide solution was care- 
fully determined with starch paper before this step was 
included in the procedure. It varied from 15 minutes 
for glass rods which were not mechanically cleaned prior 
to disinfection, to two minutes for those glass rods from 
which sputum was mechanically removed in some way. 

In testing starch paper with solutions of iodine, it 
was found that an iodine solution of 0.00025 per cent 
concentration gave a positive test. Weaker solutions 
gave negative results with the starch paper. Fifty glass 
rods were rubbed over the surface of the starch paper 
after being contaminated with sputum and then proc- 
essed through 0.25 per cent iodine, 10 per cent potas- 
sium iodide, and finally water. These 50 glass rods gave 
no evidence of the presence of iodine when the test 
with the starch paper was used. Twenty-five thermom- 
eters were similarly tested with negative results. How- 
ever, with certain specimens of sputum, it was evident 
that the yellow color of iodine was still present after 
the glass rods and thermometers had been completely 
processed. When one per cent solution of sodium thio- 
sulfate was substituted for 10 per cent potassium iodide, 
the rods and thermometers lost the yellow color of the 
iodine completely, regardless of the specimen of sputum 
used. 

The solutions of iodine in aqueous potassium iodide 
were apparently removed with two rinses of water. 
For this reason, neither sodium thiosulfate nor potas- 
sium iodide was used in the first rinse pan after dis- 
infection in aqueous iodine solutions. However, in later 
tests, sodium thiosulfate rinse was introduced. 

“Tween 80” (polyoxyethylene sorbitan monooleate) 
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was added to solutions of iodine in aqueous potassium 
iodide in an attempt to prepare an aqueous iodine 
solution having low surface tension. The “Tween 80’ 
apparently produced a colloidal suspension of the iodine, 
because an opaque, dark-brown mixture resulted. This 
mixture did not seem to have any advantages as a dis- 
infectant over aqueous or alcoholic iodine solutions. It 
stained containers badly, and is not recommended for 
use in disinfecting thermometers. However, Terry and 
Shelanski (1951) have shown that, for many routine 
purposes of disinfection, iodine in combination with a 
nonionic, surface-active carrier (ethylene oxide con- 
densate of a Cy alkyl phenol) similar in some respects 
to ‘“Tween 80”, is very effective and has lower volatility 
and irritative effect than iodine in tincture. 

All LJM slants were held in a nearly horizontal posi- 
tion for 48 hours in the incubator so that penicillin 
could have contact with all the organisms on all parts 
of the slant. The tubes were then kept upright for 6 
weeks. Tubes were examined at the end of the second 
week and every week thereafter for 6 weeks. Smears 
stained with Ziehl-Neelsen stain were made from all 
tubes as soon as growth was observed. Similar stained 
smears were also made from all apparently negative 
tubes at the end of 6 weeks. When stained smears from 
these negative tubes showed acid-fast organisms, the 
smears were examined carefully for numbers of or- 
ganisms present, and the culture tubes were re-examined 
for possible missed colonies. No confusion between 
original inoculum and incipient growth arose. 

At the end of 2 weeks, all glass rods were removed 
from the LJM tubes and were stained with Ziehl- 
Neelsen stain by a procedure similar to that used in 
preparation of slides for recognizing serpentine cords, 
as described in a report on slide-culture technic (Berry 
and Lowry, 1949, 1950). The rods were examined under 
100X magnification for serpentine cords. 

All HIB tubes (tests and controls) were examined 
for growth every 24 hours for one week. Gram-stained 
smears, blood-agar plates and cystine-tellurite plates 
were made from all HIB tubes showing growth. Blood 
agar slants were also made so that the growth could be 
rechecked if necessary. Colonies were picked for pure- 
culture identification of organisms that had escaped 
disinfection. 

After the first 256 tests, in addition to testing the 
action of disinfectants on glass rods and thermometers 
contaminated with sputum but not wiped before dis- 
infection, the value of four different preliminary wiping 
procedures was studied. The five procedures, with and’ 
without wiping were as follows: 

Procedure 1.—-Not wiped before disinfection. 

Procedure 2.—-Wiped with dry, sterile, cotton ball 

(approximately 2 inches in diameter) before dis- 
infection. 


Procedure 3.—-Wiped with a cotton ball moisteied 
with 50 per cent aqueous solution of liquid s«.p, 
Procedure 4.—-Wiped with a cotton ball moisteiied 
with 50 per cent aqueous solution of tincture of 
green soap. 

Procedure 5.—-Wiped with a cotton ball moistened 
with solution consisting of equal parts of tincture 
of green soap and 95 per cent ethyl alcohol. 

Each glass rod and thermometer which was wiped 
with any soap solution was carefully rinsed by placing 
it in approximately 50 ml of sterile distilled water alter 
wiping and before other disinfection. 

Beginning with test No. 540, the extensive controls 
on the sterility of rinse water and glass rods were dis- 
continued because these controls had never yielded any 
growth. The controls using water in lieu of disinfectant 
were discontinued also because there were only small 
discrepancies between them and the contaminated con- 
trols, except after wiping with soap. This seemed un- 
important because the final results of the cleaning and 
disinfection procedures used on contaminated ther- 
mometers are the essential data. In order to control 
contaminants on LJM medium, both actidione and 
penicillin were used in the tests beginning with No. 
540. Actidione (Upjohn Company, Kalamazoo, Mich.) 
solution was prepared so that 0.1 ml contained 1 mg 
actidione. One mg of actidione was placed on the 
surface of each LJM slant (Phillips and Hanel, 1950; 
Whiffen, 1948). 

After the completion of the first 539 tests, the data 
available were reviewed by the Statistical Section of 
the Communicable Disease Center. In view of these 
results, a binomial sequential sampling plan developed 
by Wald (1947) was adopted and the following prob- 
ability values were selected: 

P; = 0.01 (maximum allowable failure for disinfec- 

tant to be worthy of further tests) 

P, = 0.05 (maximum allowable failure, above which 
disinfectant is unworthy of further tests) 

a = 0.10 (risk of rejecting a satisfactory disinfec- 
tant; that is one which fails 0.01 of the time 
or less) 

8 = 0.01 (risk of accepting an unsatisfactory dis- 
infectant; that is one which fails 0.05 of the 
time or more) 

This sequential plan was followed for the remainder 
of the tests in this study as a guide to rejecting a pro- 
cedure or continuing to test it further. 

In all, 9,202 tests were done in this manner, that is, 
contamination, wiping (or not wiping); disinfection; 
rinsing twice; culturing one rod or thermometer of 
each pair in HIB for staphylococci, streptococci, and 
C’. diptheriae; and the other on a slant of LJM with 
penicillin and actidione for tubercle bacilli. The data 
obtained in these experiments are shown in table 1. 
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Since the different wiping procedures were not always 
tested simultaneously, or with the same specimens of 
sputum, the results of the tests of the various pro- 
cedures, while listed in table 1 opposite the appropriate 
disinfectants, are totalled in separate columns for the 
wiping procedures. Thus, all tests done with a given 
disinfectant are strictly comparable as to technic but 
not necessarily as to time of test, specimen of sputum, 
or Wiping procedure. 

Disinfectants tested. In the course of this work the 
following substances were tested for suitability as dis- 
infectants for oral thermometers: 


1 per cent, 0.5 per cent, 0.25 per cent, and 0.05 
per cent. 

Solutions of iodine 0.25 per cent and 0.05 per cent 
in 1 per cent KI; same with “Tween 80’. 

Formalin 10 per cent and 4 per cent. 

Quaternary A (cetyl-pyridinium chloride) 1:1000 
aqueous and 1:1000 tincture (50 per cent alcohol). 

Quaternary B (a mixture of alkyl-dimethyl-benzyl 
ammonium chlorides) 1: 1000 aqueous and 1:1000 
tincture (50 per cent alcohol). 

50 per cent aqueous solution of tincture of green 
soap. 


TABLE 1. Results of treatment of glass rods and thermometers with various disinfectants, without wiping, 


and after various wiping procedures 


DISINFECTANTS 


No. of 
Tests 
Thbct 
Quaternaries (combined data A and B) 
1:1000 aqueous Pepi alstesiets 50 100 
1:1000 tincture. . APR 50 0 
Ethyl alcohol (70 per cent) 
Aleohol. .... Sf 30 6.7 
Aleohol + 0.05 per cent iodine........}| 140 §:7 
Aleohol + 0.25 per cent iodine ..| 265 7.2 (0.4)§ 


Alcohol + 1.0 per cent iodine.........| — -— 
Isopropyl alcohol (70 per cent) 

Alcohol. ........ SCS We 10.0 (1.7) 

Aleohol + 0.05 per cent iodine........ 155 10.3 (1.9) 

Aleohol + 0.25 per cent iodine........ 265 1.9 

Aleohol, + 0.5 per cent iodine.........) 45 0 


Aleohol + 1.0 per cent iodine......... 45 0 
Formalin 

4 per cent.. Ae — 25 88.0 

10 per cent... dias Seals 25 44.0 (8.0) 
Water controls**. . Pree .| 190 86.3 (5.3) 


* Percentage of tests positive. 
t Mycobacterium tuberculosis. 


t Streptococci, Staphylococci, C. diphtheriae, ete. 


No wiping 


SURVIVAL OF TEST ORGANISMS* 


Soap wiping 


Dry Wiping (combined data) 


Tests Tests 

Otherst Tbe Others Tbe Others 

50 100 — 149 53.7 ss: 

— 50 0 — 150 0 _ 
0 225 0.4 (3.6) 1.8 424 0.7 4.0 
2.9 270 0 (0.4) 2.2 489 0.6 1.0 
4.9 275 0 0.7 494 0.4 0.8 

— 20 0 0 oe — — 
10.0 15 66.7 (6.7) 60.0 224 0 (0.9) bE 
ect 15 20.0 (6.7) 13.3 424 0.4 (0.4) ie 
3.5 255 0 (0.4) 1.6 424 0.2 0.2 
0 50 0 0 100 0 1.0 

2:2 50 0 0 100 0 0 
88.0 100 89.0 61.0 200 52.0 (2.0) 21.0 
88.0 100 18.0 9.0 200 5.0 (2.5) 3.5 
99.5 25 84.0 (12.0) 100 74 67.6 (10.8) | 50.0 


§ Percentages in parentheses refer to the additional rods which were positive for serpentine cords when tubes of Lowenstein- 


Jensen medium were negative. 
** Water used in lieu of disinfectant. 


Ethyl alcohol 100 per cent, and 70 per cent. 

Ethyl aleohol 70 per cent with iodine 1 per cent, 0.25 
per cent and 0.05 per cent. 

Ethyl alcohol 70 per cent with 0.5 per cent and 0.1 
per cent NaOQH®. 

Isopropyl! alcohol C.P. (99 per cent)>. 

Isopropyl alcohol 70 per cent (prepared from C.P. 
and also used, as purchased, as commercial ‘‘rub- 
bing alcohol’). 

Isopropyl rubbing alcohol 70 per cent with iodine 


® Rejected after preliminary tests based on the binomial 
sequential sampling plan described in the text. 


Tincture of green soap plus equal volume of 95 per 

cent ethyl alcohol. 

Phenol, cresols, hypochlorite solutions and bichloride 
of mercury were not included because of their physical 
and chemical properties make their use for clinical 
thermometers undesirable. On the basis of the 539 
preliminary screening tests referred to above, several 
of the disinfectants were eliminated from further test- 
ing, since cultures from too large a percentage of the 
rods or thermometers subjected to them contained 
growth of the test organisms. The cultural data con- 
cerning most of those eliminated were not included in 
table 1, as they would have made the table too large. 
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Data on a few of them (quaternaries A and B and forma- 
lin) were included, however, as they seemed to be of 
special interest. 

Data on those substances which were more exten- 
sively tested and which might appear to be suitable for 
use in disinfecting oral thermometers with proper wip- 
ing procedure are shown in table 1. 


RESULTS 

The results of all final tests, with exceptions as noted 
above, have been included in table 1. The results ob- 
tained with the two quaternaries were virtually identical. 
Therefore, the data obtained with the two quaternaries 
were combined for presentation in table 1. Because 
there were no significant differences between the results 
obtained with, glass rods and those yielded by ther- 
mometers, the data for these have been tabulated to- 
gether. There were no significant differences between 
the results of disinfection following the three soap- 
wiping procedures. These data have, therefore, also 
been tabulated together. 

While every effort was made to reduce to a minimum 
the error due to contaminants, it is possible that some 
few of the HIB cultures positive for staphylococci were 
due to contamination. This could account for the tests 
positive for staphylococci but negative for tubercle ba- 
cilli. In any event, the small error involved favors none 
of the disinfectants. In addition, while disinfectants 
were evaluated only on the basis of staphylococci, strep- 
tococci, C. diphtheriae, and M. tuberculosis, and while 
only these were recorded in the table, a few additional 
broth test cultures occasionally contained sporeforming 
bacilli. Higher fungi were sometimes found in additional 
LJM cultures. Some of the broth cultures also occa- 
sionally yielded stains of Alcaligenes, Lactobacillus, and 
unidentified diphtheroids when the test organisms were 
not present. The numbers were small and introduced 
no real error into the results. 


Wiping Procedures 

It is of especial importance to note the improved re- 
sults obtained with nearly all of the disinfectants when 
disinfection was preceded by wiping. It has long been 
known that organic material interferes with the action 
of disinfectants, especially coagulative disinfectants 
such as formalin, phenol, and bichloride of mercury. 
The results presented here demonstrate the good effect 
of mechanically removing coagulable material (sputum) 
from thermometers (and glass rods) prior to disinfec- 
tion. It appears that formalin very quickly precipitates 
a protective coating of coagulum which it does not 
penetrate®. Therefore, it becomes ineffective in the 
situations described in this paper. The effectiveness of 


6 Further evidence in support of this is being published. 


liquid soap or green soap in the data under “Soap Wip- 
ing” in table 1 is particularly striking, except in the 
case of formalin. In view of these data, it may be said 
that wiping is an essential part of the disinfection of 
clinical thermometers. That it is not in itself sufficient 
is shown by the fact that, even after careful wiping, 
without further disinfection the test organisms were 
not infrequently demonstrable. (See ‘“‘Water Controls” 
under “Soap Wiping” in table 1.) 


Disinfectants 


The summarized results obtained with the several 
disinfectants, with and without wiping, are compared 
in table 1. 

Quaternary ammonium compounds. In considering 
methods of testing quaternary ammonium compounds 
the question of an inhibitor arose immediately. A re- 
view of several studies in this field (Quisno, Foter and 
Rubenkoenig, 1947; Armbruster and Ridenour, 1947; 
Weber and Black, 1948; Idem, 1948a; Idem 1948b; 
Armbruster and Ridenour, 1949; Stuart, Bogusky and 
Friedl, 1950; Klarmann and Wright, 1948; Lawrence, 
1948) revealed considerable confusion as to choice of in- 
hibitor, concentration, type of subculture medium, ef- 
fectiveness in tests with various organisms, and other 
factors. Although “Asolectin” (lecithin in “Tween-80”) 
has rather general support, we were unable to arrive at 
a suitable concentration in the types of subculture me- 
dia we were to use; nor did we have any information as 
to the value of the various organic inhibitors in relation 
to our test organisms, especially in the concentration 
of 1:1000 of quaternary, and on the surface of ther- 
mometers in contact with solid media. We, therefore, 
did not include tests with inhibitors. 

In view of the work by Smith, et al., (1950) it was 
anticipated that in aqueous solution these compounds 
would fail to kill tubercle bacilli and that the inhibitor 
question would not arise. The anticipation was correct, 
since the aqueous solutions appeared to be worthless. 
The contrast between the aqueous solutions and the 
tinctures of the two quaternaries tested is remarkable. 

The tinctures appeared to be highly effective. Since 
no inactivator was used, it is possible that their effec- 
tiveness could be more apparent than real. Further 
studies, not at present feasible in these laboratories, 
should be made to establish this point with certainty. 
However, it seems likely that the results obtained with 
the tinctures represent true bactericidal action rather 
than an inhibition which could be released by an in- 
activator. It should be pointed out in this connection 
that the solvent, 50 per cent ethyl alcohol, has no sig- 
nificant bactericidal effect per se on any of the test 
organisms. This was repeatedly demonstrated experi- 
mentally during this study. If the results obtained with 
the tinctures were not due to some deceptive bacterio- 





static ¢ 
eertain 
in this 
and sit 

Lthy 
per cel 
Under 
cohol | 
679 re 
with a 
cent.) 
bacilli 
for su 


yielde 
obtain 
cocel, 
tured 
per ce 
Eth 
to 70 
action 
cedur 
strept 
therm 
bacill: 
Wh 
woulc 
either 
suffice? 
conch 
effect 
not WV 
Iso 
isopre 
comp 
Diffe: 
99 pe 
effect 
Th 
aleoh 
iodin 
error 
Ane 
rubb 
per ( 
per ¢ 
glass 
bing 
coce! 
and 
(1.3 
isola 
the ; 
orde 


Is 








‘ip- 
the 
aid 

of 
ent 
ng, 
ere 


” 








DISINFECTION OF ORAL THERMOMETERS 193 


static action, the tinctures of these quaternaries would 
certainly seem to be among the best of the agents tested 
in this study for disinfection of clinical thermometers 
and similar objects. 

Ethyl alcohol. Ethy| alcohol, 95 per cent and 100 
per cent, were found to be of little value as disinfectants. 
Under the experimental conditions described, ethyl] al- 
cohol 70 per cent (volumetric) was fairly effective. Of 
679 rods and thermometers disinfected and cultured, 
with and without preliminary wiping, only 21 (3.1 per 
cent) yielded staphylococci, streptococci, or diphtheria 
bacilli. Of an equal number similarly treated and tested 
for surviving tubercle bacilli, only 14 (2.1 per cent) 
yielded these organisms. Considering only those results 
obtained when a wiping procedure was used, staphylo- 
cocci, streptococci, and diphtheria bacilli were cul- 
tured from 21 of the 649 rods and thermometers (3.2 
per cent); tubercle bacilli from 12 (1.85 per cent). 

Ethyl alcohol 70 per cent with iodine. Addition of iodine 
to 70 per cent ethyl alcohol increased the disinfectant 
action. It is seen that, when a preliminary wiping pro- 
cedure was used, test cultures yielded staphylococci, 
streptococci, or diphtheria bacilli from only 17 of 1,548 
thermometers and rods tested (1.1 per cent); tubercle 
bacilli from 6 (0.4 per cent). 

While it might be supposed that 1.0 per cent iodine 
would be more effective than 0.25 per cent iodine, and 
either of them more effective than 0.05 per cent, in- 
sufficient comparative tests were made to establish this 
conclusively. Gershenfeld, et al. (1951) have found iodine 
effective in disinfecting thermometers contaminated, 
not with sputum, but with broth cultures. 

Isopropyl alcohol. In general, the results of tests with 
isopropyl alcohol, including “rubbing alcohol,” were 
comparable with those obtained with ethyl alcohol. 
Differences observed are of doubtful significance. The 
99 per cent “C.P.” isopropyl! alcohol was relatively in- 
effective. 

The unusual results obtained with isopropyl rubbing 
alcohol 70 per cent and 70 per cent plus 0.05 per cent 
iodine following dry wiping might have been due to an 
error in the percentage of isopropyl rubbing alcohol. 
An error was found later in which a supply of isopropyl 
rubbing alcohol from the same distributor, actually 99 
per cent isopropyl alcohol, was found to be labeled 70 
per cent. Except for this group of results obtained with 
glass rods dry wiped, the 70 per cent isopropyl! (‘“‘rub- 
bing’’) aleohol yielded only three cultures of staphylo- 
cocci, streptococci, or diphtheria bacilli from 224 rods 
and thermometers tested following wiping procedures 
(1.3 per cent); in only two cultures were tubercle bacilli 
isolated from the same rods (0.9 per cent). In table 1 
the aberrant results are included in the calculations in 
order not to give any advantage to any disinfectant. 

lsopropyl alcohol (70 per cent) with todine. As in the 


tests with ethyl alcohol, addition of iodine to rubbing 
alcohol increased its value. In 1,918 tests made with 
iodine, with and without wiping procedures, only 38 
rods or thermometers (2.0 per cent) yielded staphylo- 
cocci, streptococci, or diphtheria bacilli; only 34 (1.8 
per cent) tubercle bacilli. The advantages of wiping 
over not wiping are apparent in the percentages given 
in table 1. Even though limited numbers of tests were 
done with 0.5 per cent and 1.0 per cent iodine in 70 per 
cent isopropyl alcohol, it seems that the higher con- 
centrations of iodine which were tested were more ef- 
fective than the weaker solutions. 

Soap. Tincture of green soap mixed with equal parts 
of 95 per cent ethyl alcohol, when used as a disin- 
fectant solution for 10 minutes, even without previous 
wiping, yielded a relatively small number of positive 
culture tubes (9 positive HIB and 3 positive LJM in 
200 tests). This solution, used as a disinfectant, was 
more effective than the 50 per cent aqueous solution of 
tincture of green soap used as a disinfectant. However, 
these soap solutions, when used in wiping procedures 
prior to applying other disinfectants, gave comparable 
results. Neither would be satisfactory as a disinfectant 
or if used as a wiping procedure without subsequent 
disinfection. 

Formalin. The results obtained with the two solu- 
tions of formalin (4 per cent and 10 per cent) indicate 
that these are unsatisfactory under the conditions de- 
scribed. Even when the contaminated glass rods were 
first wiped with alcoholic solutions of tincture of green 
soap, these formalin solutions failed more frequently 
than any of the other disinfectants tested, possibly ex- 
cepting the aqueous solutions of the quaternaries. 


ACKNOWLEDGEMENTS 

The authors are grateful to Dr. Martin Cummings 
for assistance with modifications of the slide-culture 
technic, and to Mr. Robert Patnode for supplying 
Lowenstein-Jensen medium and for his assistance in 
identifying cultures of atypical tubercle bacilli. The 
authors are also grateful to Dr. Elaine Updyke for her 
assistance in identifying streptococci, to Dr. Martha 
Ward for helpful suggestions on the total research 
problem and for her assistance in identifying miscel- 
laneous organisms and to Dr. Elizabeth Parsons for her 
assistance in identifying diphtheria bacilli. The authors 
appreciate the statistical help received from Mr. Myron 
G. Willis and the technical assistance of Miss Anne 
Barton, Mr. William Ellis, Miss B. J. Foster, Mr. 
Reginald Hicks, Mr. C. P. Lampros, Mr. William Pea- 
cock, and Mrs. James Schaaf. Specimens of sputum 
were obtained through the kind cooperation of Dr. 
Edwin W. Rapp, U. 8S. Veterans’ Hospital No. 48, 
Atlanta, Ga.; Miss Vivian O’Brien, Lawson Veterans’ 





194 M. FROBISHER, L. SOMMERMEYER, AND M. BLACKWELL 


Hospital, Chamblee, Ga.; and Dr. Rufus Payne and 
Mrs. Elizabeth Hood, Battey State Hospital, Rome, Ga. 


SUMMARY 


In this study an evaluation was made of the effective- 
ness of several common and readily available disin- 
fectants, with and without four different preliminary 
wiping procedures, in disinfecting clinical thermometers. 
The thermometers (and simulant glass rods) were con- 
taminated with fresh sputum from patients with open 
cases of tuberculosis and containing large numbers of 
tubercle bacilli. Staphylococci and streptococci which 
were present in the sputa, and diphtheria bacilli which 
were added to the sputa, were used as additional indi- 
‘ators of the activities of disinfectants. 

The data indicate that some sort of wiping procedure, 
properly used, is essential to effective disinfection of 
oral thermometers. The following procedure is pro- 
posed : 

1. Thoroughly wipe the thermometers with a pledget 
of cotton wet with a mixture consisting of equal parts 
of tincture of green soap and 95 per cent ethyl alcohol. 

2. Immerse the thermometers in 1.0 per cent solution 
of iodine in 70 per cent (volumetric) isopropyl! alcohol 
(“rubbing alcohol’’) or 70 per cent (volumetric) ethyl 
alcohol for 10 minutes. 

Almost equally satisfactory results may be obtained 
by using the 70 per cent ethyl or isopropy! (‘‘rubbing’’) 
aleohol without iodine. It seems probable that even 
better results could be obtained with tinctures of the 
quaternary compounds tested in this study. A final 
statement on this point awaits further experiments, 
using inactivators. These experiments are not at present 
feasible in this laboratory. No implications are made 
relative to viruses, rickettsiae, or higher fungi. 
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Food poisoning caused by cream-custard pastry prod- 
ucts constitutes an important public health problem. 
Feig (1950) stated that 35.3 per cent of the micrococcus 
(staphylococcus) outbreaks were caused by bakery p1od- 
ucts. Of these, 86 per cent were caused by cream- 
custard pastries. Furthermore, although these products 
have been incriminated as a vehicle for the transmission 
of Salmonella infection, 90 per cent of the total number 
of food poisoning outbreaks incriminating pastries were 
caused by micrococci. 

Abrahamson et al. (1952) concluded that 
teriological quality of several types of cream pastries 


the bac- 


was unsatisfactory. However, considerable improve- 
ment was effected when the proper sanitary procedures 
were carried out under appropriate guidance. 
Although the problem remains unsolved, a number 
of other important contributions have been made. For 
example, Stritar, Dack and Jungewaelter (1936) sug- 
gested a reheating of the filled pastry shell. Also, Ryberg 
and Catheart (1942) demonstrated that several types 
of fruit cream pies did not support the growth of micro- 
milk the formula. 
Catheart and Merz (1942) demonstrated that chocolate 
and cocoa had an inhibitory effect, particularly when 
milk was not included in the formula. The addition of 
Water instead of milk to the commercial dry mix pud- 
dings resulted in a product that did not support the 
growth of micrococci, but it was considered unpalatable 
(Catheart, Godkin and Barnett, 1947). Furthermore, 
these same authors, in an attempt to prevent the growth 


cocci when was eliminated from 


of micrococci by lowering the pH of the filling, observed 
that the amount of citric acid required to inhibit micro- 
cocei in a filling containing eggs was so great as to 
impair the organoleptic qualities. Godkin and Cathcart 
(1952) have demonstrated that subtilin and especially 
a combination of subtilin and terramycin inhibited both 
micrococei and the indigenous, heat-resistant flora of 
cream pastries. A combination of aureomycin and terra- 
mycin also effectively retarded growth of micrococci. 
The present communication reports investigations on 
the bacteriostatic properties of certain amino acids and 
related compounds against enterotoxigenic micrococci 
experimentally inoculated into cream pastry. 


195 


MATERIALS AND METHODS 


Cream filling formula. A filling of the following com- 
position has been primarily used in this work. 


Ingredient Quantity 


Water 600 ml 
Stargh..... 0. LAOS 30 g 
Non-fat milk solids. 50 g 
RNG a5 5 Anes sess ses 2.3¢ 
Shortening. ... 34 g 
Sucrose. .. 136 g 
Whole eggs 90-100 g 
Vanilla extract 5 ml 


The dry constituents were mixed together and the 
water, beaten eggs, and vanilla added. The liquid mix 
was then dispensed in the aliquots indicated below and 
the shortening added to each individual aliquot. 

Cultures. All strains of Micrococcus pyogenes were 
coagulase positive and with the exception of strain 
C2 (which has not been tested) have a history of causing 
food poisoning in either human or monkey feeding ex- 
periments. Strain C2 was isolated from a bismarck 
pastry which contained 8,000,000 micrococci per gram 
of cream filling. A bismarck in this same lot was in- 
criminated in a typical case of food poisoning in a 
human. 

Experimental procedure. In the initial screening ex- 
periments designed to test the bacteriostatic properties 
of amino acids, 100 ml quantities of the liquid cream 
dispensed into 90 by 50 mm Petri dishes. In 
those experiments later devoted to studying the effects 
of pL-serine, 50 ml of mix were added to 150 ml beakers; 
and in those experiments with the p and L isomers of 
serine, 25 ml of mix were added to 150 ml beakers. In 
the early screening experiments the test substances were 
initially dissolved in small amounts of distilled water 
or HCl and added to the liquid mix. In later experi- 
ments the test substance was added directly to the 
liquid mix. The pH was adjusted to that of the control 
if necessary and the liquid mix, with stirring, was thick- 
ened by immersing the containers in a boiling water 
bath. The fillings were then cooled to room temperature 
and inoculated with the desired amounts of 24-hour 
cultures. The volume of the inoculum rarely exceeded 
0.5 ml of the desired dilution. The added inoculum was 


mix were 
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stirred throughout the filling. The inoculated fillings 
were then incubated at 30 C for 22 to 24 hours, at which 
time 11 g of the filling were suspended in 99 ml distilled 
water and plated. 

Media. The compositions of the two media, differing 
only in salt concentration, were: one per cent each of 
tryptone, yeast extract, glucose, 0.5 per cent dipotas- 
sium phosphate, 1.5 per cent agar, pH 7. Ten per cent 
sodium chloride was added to aliquots of this medium 
before sterilization, thus constituting a selective medium 
for micrococci. All of the experimental fillings were 
plated on both media. 

Bacteria counts. The number of bacteria in the initial 
inocula was determined by plate count of the broth 
cultures, employing the salt-free medium. The number 
of bacteria in the incubated fillings was determined 
from the salt-free medium after 48 hours’ incubation 
and from the salt medium after 72 hours’ incubation 
at 30 C. Furthermore the salt medium plates were sub- 
sequently retained at room temperature until such time 
that the known pigmented strains developed color. Oc- 
casionally colonies were examined by the Gram stain. 

EXPERIMENTAL RESULTS 

The possible inhibitory effects of a number of amino 
acids and structurally related compounds were de- 
termined using Micrococcus pyogenes var. aureus 210 
as the test strain. The size of the inoculum ranged be- 
tween 300 to 1,000 organisms per ml of filling. Under 
these experimental conditions the following compounds 
did not exhibit any noteworthy inhibition when added 
in 0.1 per cent concentration: acetyl tryptophane, DL 
a alanine, 8 alanine, DL a amino-n-butyric acid, L ar- 
ginine, L-aspartic, betaine, cystine, choline chloride, 
ethanolamine, L glutamic, glutathione, glycine ethyl 
ester, Di-histidine, tL histidine, pi-homocystine, DL- 
homoserine, L hydroxyproline, DL-isoleucine, DL-leucine, 
pL-lysine, DL-methionine, pL-norleucine, DL-norvaline, 
pL-ornithine, pi-phenylalanine, taurine, DL-threonine, 
DL-tryptophane, pL-tyrosine and pL-valine. 

However, thioglycollic acid, pL-serine, L cysteine HCl 
and glycine showed an inhibitory effect in the descend- 
ing order listed. The results are presented in table 1. 
The final bacteria counts reported in this and the other 
tables were made from the salt agar. 

Although the majority of the chemicals used were 
procured from General Biochemicals Inc., Chagrin Falls, 
Ohio, it might be of further interest to mention that 
L cysteine from Pfanstiehl Chemical Co., Waukegan, 
Ill., and pi-serine from Merck and Co., Inc., Rahway, 
N. J., produced an inhibition similar to that indicated 
in table 1. This latter serine was used in the subsequent 
work. 

In the course of these experiments it was noted that 
the indigenous, heat-resistant flora of uninoculated fill- 
ings used as controls were also inhibited by thioglycollic 


acid, serine and cysteine. Glycine, however, was 1.ot 
inhibitory. It is hoped that these initial data on the 
bacteriostatic effect of these compounds upon the in- 
digenous flora will be extended and presented in a future 
communication. 

Furthermore, experiments testing the effects of pL- 
serine on Salmonella pullorum 3259, Salmonella sp. 
(type Derby) 5420, Streptococcus faecalis R 5 and Strep- 
tococcus liquefaciens R 26 revealed a possibly slight in- 
hibition of S. pullorum, but the other organisms were 
unaffected. 


TaBLe 1. Inhibition of Micrococcus pyogenes 
var. aureus 210 in cream filling 
pH 


TEST SUBSTANCE 
CONCENTRATION 0.1 PER CENT) 


FINAL BACTERIA COUNT/G 
OF FILLING 
- Initial Final 


Thiogyleollic acid...... 150, 000 6.75 6.65 
eer: 500, 000 6.85 6.85 
L cysteine HCl......... 10,000, 000 6.40 6.20 
Glycine 36, 000, 000 6.80 5.90 
None 1,360,000, 000 6.85 | 6.15 


DL-serine 


Initial inoculum was 300-1,000 micrococci/ml of filling; 
fillings incubated at 30 C for 22-24 hours; final bacteria count 
made from salt agar. 


TaBLeE 2. Inhibition of several strains of micrococci 
by 0.1 per cent pL-serine 


FINAL BACTERIA COUNT/G OF FILLING 
MICROCOCCI 


STRAIN NO. With pt serine 

Without pt serine (concentration 0.1 
per cent) 

210 1,110,000, 000 510,000 

1 360, 000, 000 240,000 

196 750,000, 000 1,310,000 

93 - 3,600, 000 

$ 12 950, 000, 000 4,900,000 

161 640, 000, 000 8,900,000 

F 2B 900 , 000, 000 27,800,000 

C2 940,000,000 70,000, 000 


Other experimental conditions as in table 1. 


Of those several compounds which were found to 
inhibit micrococci (table 1) serine appeared to be the 
most promising. Both the cysteine and _ thioglycollic 
acid imparted undesirable organoleptic qualities to the 
filling and the inhibitory powers of glycine did not ap- 
pear to be sufficiently great. Consequently the inhibi- 
tory effects of pL-serine were tested against other strains 
of micrococci as indicated in table 2. It will be observed 
that the relatively high degree of inhibition previously 
noted in a number of replicate experiments with strain 
210 was not manifested with the majority of the other 
strains. Nevertheless all strains were inhibited as would 
be expected in view of the physiological homogeneity 
of coagulase positive micrococci reported by Evans 
and Niven (1950). 
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Because of the relatively outstanding resistance of 
strain C 2 (table 2), it was selected for further studies. 
Since one would expect that the size of the inoculum 
and amount of serine added would have significant 
bearing on the degree of inhibition, these two variables 
were tested and the data are presented in tables 3 and 
4 respectively. 

Among other factors which could influence the de- 
gree of inhibition is the composition of the filling. The 
data in table 5 demonstrate, accordingly, that the de- 
gree of inhibition of micrococci by serine is decidedly 
affected by the composition of the pastry. The inhibi- 
tion is least in the complete filling, greater in the filling 


TABLE 3. Effect of inoculum size on the inhibition of Micrococcus 
pyogenes var. aureus C 2 by 0.2 per cent DL-serine 


FINAL BACTERIA COUNT/G OF FILLING 


MICROCOCCI 
INOCULATED PER ML With Dt serine 


Without pL serine (concentration 0.2 


per cent) 
0 78,000 1,000 
42 100, 000, 000 93 , 000 
210 720,000, 000 347,000 
1,050 1,200,000 
5, 250 14,100,000 
31,500 


69,000, 000 


Other experimental conditions as in table 1. 


TABLE 4. Inhibition of Micrococcus pyogenes var. aureus C2 
by different concentrations of DL-serine 


DL-SERINE FINAL BACTERIA COUNT/G OF FILLING 
0 930, 000, 000 
0.2 15,600,000 
0.3 4,400, 000 
0.4 1,300,000 


Initial inoculum was 20,200 micrococei/ml; other experi- 
mental conditions as in table 1. 


lacking only milk, and greatest in the filling lacking 
only whole egg. 

This relatively pronounced inhibition in fillings lack- 
ing only whole egg was further examined as indicated 
in table 6. Increasing the amount of milk powder 2 and 
3 fold did not materially lessen the degree of inhibition. 
Furthermore, about the same degree of inhibition was 
obtained when a sample of commercial vanilla pudding, 
also devoid of egg, was tested (table 6). The pudding 
was constituted by heating 1 pint of milk with the con- 
tents of the regular household size package. 

Several other observations have been noted with re- 
spect to the effects of the composition of the filling on 
the bacteriostasis produced by serine. First, in a modi- 
fied filling lacking milk, the bacteriostatic effect of 
serine is more pronounced if whole egg is used instead 
of egg yolk alone. The enhanced bacteriostasis observed 
with the whole egg, however, is of such a nature as to 


actually produce only a 5 to 10 fold difference in bac- 
teria count. Another observation has been that in a 
filling lacking milk and egg white, the bacteriostatic 
effect of serme depends quite markedly on the amount 
of egg yolk. Thus, increasing the amount of egg yolk 
materially decreases the bacteriostasis caused by serine. 
In fact it is quite possible that increasing the whole 


TaBLE 5. Inhibition of Micrococcus pyogenes var. aureus (2 
by 0.1 per cent pL-serine when either milk or egg is eliminated 
from the filling 


FINAL BACTERIA COUNT/G 


: OF FILLING 
COMPOSITION OF FILLING 


Without pt serine With pt serine 


Sucrose, starch, whole egg, non- —690, 000,000 52,200,000 
fat milk powder, shortening, 
salt, vanilla, water 
Minus milk only 220,000, 000 1,300,000 
Minus egg only 10,600, 000 30,000 


Inoculum was 1,300 micrococci/ml; other experimental 
conditions as in table 1. 


TABLE 6. Inhibition of Micrococcus pyogenes var. aureus (2 
by 0.1 per cent pu-serine in fillings lacking whole egg 


FINAL BACTERIA COUNT/G OF FILLING 
AMOUNT OF MILK 


yOCcU I} ML 
POWDER ADDED sas ha 


Without pt serine With pL serine 





bt 20,000 157,000,000 450, 000 
2X 20,000 1,500,000 
3X 20,000 700, 000 
Commercial vanilla 11,000 79, 000, 000 200, 000 


pudding 


* X equals the amount used in the standard experimental 
filling, 50 g/600 ml water. 
Other experimental conditions as in table 1. 


TABLE 7. Inhibition of Micrococcus pyogenes var. aureus 
C 2 by isomers of serine 


SERINE FINAL BACTERIA COUNT/G OF FILLING 
0 594,000,000 
0.1 DL 8,000, 000 
0.1 2,300,000 
0.1D 1,400,000 
9.1L+0.1bD 40,000 


Inoculum was 900 micrococci/ml; other experimental con- 
ditions as in table 1. 


egg or egg yolk content of any of these formulas would 
lessen the inhibition by serine. It is felt, however, that 
the experimental formulas containing egg have an 
amount equal to or slightly greater than that usually 
found in cream fillings. Lastly, the inclusion or exclusion 
of shortening from the complete filling did not have any 
pronounced effect, although in several experiments a 
lower bacteria count was observed when the shortening 
was not included. 
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It was considered of interest to determine which of 
the optical isomers of serine was responsible for the 
bacteriostatic actions observed. For these experiments 
p-serine ( ¥ 2457) and L-serine (#4116) were obtained 
from General Biochemicals, Inc. The data of one of 
several experiments are presented in table 7. It would 
appear that both isomers are bacteriostatic. If one 
assumes that the essential mechanics of the bacterio- 
stasis exhibited by thioglycollic acid, cysteine, serine 
and glycine are similar, then it would be reasonable to 
expect that the inhibitory powers of serine are not de- 
pendent on the optical configuration of the molecule. 

DISCUSSION 

The bacteriostatic effects of various amino acids 
have been demonstrated for a number of bacteria, but 
reference will be made only to those several reports in 
which serine was cited. It should, furthermore, be kept 
in mind that the bacteriostasis was often observed only 
under certain specified cultural conditions. Gladstone 
(1939) demonstrated that in a synthetic medium de- 
void of valine, leucine, isoleucine and threonine, DL- 
serine Was quite inhibitory for Bacillus anthracis. The 
addition of both valine and leucine or of threonine alone, 
overcame the inhibition. Davis and Maas (1948) demon- 
strated that D-serine was toxic for some strains of E'sch- 
erichia coli whereas much greater amounts of L-serine 
were not. L-aspartic enhanced the toxicity of D-serine 
but glycine and pi-alanine decreased it. It appeared 
(Maas and Davis, 1950) that p-serine interfered with 
the conversion of 8 alanine to pantothenate. Both 
pantothenate and 8 alanine reversed the inhibition of 
p-serine. Snell and Guirard (1943) stated that the in- 
hibitory effects of several amino acids including serine 
for several streptococci was overcome by either pyri- 
doxine or pL-alanine. Teas (1950) demonstrated that 
serine Was one of several amino acids which were toxic 
for Bacillus subtilis in a minimal medium. Dubos (1949) 
demonstrated that DL-serine was toxic for human tu- 
bercle bacilli. The virulent strains were more easily 
inhibited than the avirulent strains. Furthermore, he 
observed that although growth appeared normal in 
media containing less than bacteriostatic levels of serine, 
autolytic changes in the culture soon became manifest. 
Of further interest, also, are the observations of Mueller 
and Miller (1949) that p-serine inhibited the production 
of tetanus toxin. The possible effects of serine on entero- 
toxin production would accordingly appear to merit 
investigation. 

There are reports in the literature concerning the 
nephrotoxic action of serine in the rat (Fishman and 
Artom, 1942, Wachstein, 1947). The D isomer is the 
toxic entity (Artom, Fishman and Morehead, 1945). 
The nephrotoxic action is observed when serine is 
administered by stomach tube or intraperitoneal inoc- 
ulation, but not when serine is incorporated as a con- 


stituent of the diet (Artom and Fishman, 1944, Move- 
head et al., 1945). In this connection it is also of intercst 
that Rose (1948, 1950) has frequently incorporated 
0.2 per cent DL-serine in many nutritional experime ts 
with rats and has not, apparently, reported any de!e- 
terious effects. Also, Maddy and Elvehjem (1948) em- 
ployed 0.5 per cent DL-serine in nutritional experimetits 
with mice and did not report any deleterious effect. 

With respect to a program for the prevention of food 
poisoning, it should not be necessary to emphasize that 
proper sanitary procedures must always get priority. 
Nevertheless, although the scope of the present. in- 
vestigation may not justify the drawing of specific 
conclusions, it would appear that the utilization of a 
presumably edible amino acid or isomer thereof as a 
bacteriostatic agent might constitute a useful adjunct 
in the prevention of food poisoning outbreaks. 


SUMMARY 


in a survey designed to test the bacteriostatic effects 
of amino acids and related compounds against .Wicro- 
coccus pyogenes var. aureus 210 in cream pastry fillings, 
it was observed that thioglycollic acid, DL-serine, L 
cysteine and glycine exerted bacteriostatic action in 
the descending order listed. 

Because of organoleptic and bacteriostatic considera- 
tions, DL-serine was selected for more extensive study. 
Data are presented indicating the effects of the strain 
tested, the size of the inoculum, concentration of serine 
and composition of the filling. Serine is least inhibitory 
in a filling containing milk and eggs, more inhibitory 
in one containing only the eggs and most inhibitory in 
one containing only the milk. 

Both the p and L isomers of serine appear inhibitory. 

Serine also inhibits the indigenous, heat-resistant 
flora of such cream fillings. 

Serine does not inhibit enterococci or salmonellac. 
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Cutting fluids are used in machine shops as lubricants 
and coolants when metals are being ground or cut. When 
so used they serve to keep the machined parts cool to 
prevent warping, prolong the life of the tool points, 
wash away chips and prevent rusting of the finished 
work. 

Two types of cutting fluids are generally used, de- 
pending upon the requirements of the work. They are 
the straight and the soluble oils. Straight oils are petro- 
leum or fatty oils, or mixtures of the two, with or with- 
out chemical treatment or additives to enhance lubric- 
ity. Soluble oils are usually petroleum oils mixed with 
emulsifying agents such as soaps of petroleum sulfonate, 
rosin, tall oil or fatty oil. The straight oils are used with- 
out mixing or are mixed with other oils, while the soluble 
oils are usually mixed with varying quantities of water 
to form stable, milky emulsions. 

Bacteria are not known to grow in straight oils, as 
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water is necessary for synthesis of cellular materials. 
However, they do grow in soluble or emulsifiable oils 
(Duffett et al., 1943; Lee and Chandler, 1941; Liberth- 
son, 1945; Westveer, 1951) when these have been mixed 
with water. Growth in this medium is thought to be 
responsible for several undesirable occurrences such as 
obnoxious odors, discoloration of the emulsion, and an 
increase in acidity with resultant breaking of the emul- 
sion. Also, some workers are of the opinion that these 
bacteria are responsible for dermatitis of workers in 
contact with the oils, although Schwartz (1941) does 
not support this viewpoint. 

This report deals with: (1) methods of determining 
numbers of bacteria in soluble oil emulsions; and (2) 


growth of bacteria in soluble oil emulsions. 


MATERIALS AND Metruops 


Method for Determination of Bacterial Populations in 
Soluble Oil Emulsions 

Diluents. Diluents investigated were distilled water, 

mM/20 phosphate buffers at pH 7.0, 7.2, 7.4, 7.6, and 

8.0; 0.85 per cent sodium chloride; and 0.85 per cent 
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sodium chloride in M/20; phosphate buffers at pH 7.0, 
7.6, and 8.0. Diluents were investigated by adding to 
the diluent sufficient of a washed suspension of mixed 
cultures obtained from several industrial plants to give 
a concentration of approximately 250 bacteria per ml. 
At intervals of 1, 30, 60, and 90 min quadruplicate 
plates were prepared with 1 ml of suspension using 
nutrient agar (Difco) as a plating medium. In these 
experiments and also in all subsequent work, media were 
held at 45 C before pouring and all plates were in- 
cubated for 2 days at 30 C before colonies were counted 
on a Quebec Colony Counter. 

Table 1 shows the results of a typical experiment. 
All diluents except those containing saline were found 
to have little toxicity for the suspended organisms. How- 
ever, because buffer at pH 7.0 yielded most consistent 
results it was used in all subsequent work except where 
stated otherwise. 


TABLE 1. Per cent change of bacteria from mixture of soluble oil 
emulsions when suspended in various diluents 


BACTERIA PER CENT CHANGE 
DILUENT FER Mi. 

AT F c : 

1 MIN 30 min 60 min 90 min 
Distilled water........... 160 13.7 5.0 1.6 
0.85 per cent saline........ 171 —33.9 -—85.4 —96.4 
Deer ee GA)... <...2.5s-.] 165 3.0 1.2 2.4 
Beler, pl 72.............| 165 —1.2 -12.1 2.4 
Buffer, pH 7.4... .| 211 —0.9 6.2 3.8 
panera 7.6.............| 172 —14.5 —8.1 4.6 
Buffer, pH 7.8.... | 357 5.7 19.1 9.5 
Buffer, pH 8.0....... ..| 158 3.2 0.6 —17.7 
Buffered saline, pH 7.0. 77 118.2 106.6 2.4 
Buffered saline, pH 7.6. 51 233.4 | 263.0 202.0 
Buffered saline, pH 8.0.... 89 28.1 74.2 76.4 


Media. Media investigated were nutrient agar and 
nutrient oil agar (nutrient agar containing 1.0 per cent 
of soluble oil). When 9 samples of emulsion were plated 
with these media nutrient agar gave significantly higher 
counts than nutrient oil agar, probably because the 
soluble oil rendered the latter medium very opaque. 
All colonies fished from the nutrient oil agar to nutrient 
agar grew well, indicating that oil was unnecessary for 
growth. Similar results have been observed by Stone 
et al., (1942). In all subsequent work nutrient agar was 
used as a plating medium. 


Growth of Bacteria in Soluble Oil Emulsions 


Bacteria grow readily in soluble oil emulsions used 
in industry. This work, however, is concerned with 
several hitherto unreported aspects of growth of bac- 
teria in soluble oil emulsions as well as confirming some 
of the observations of Duffett et al., (1943). 

Bacterial populations in industrial emulsions. Thirty- 
six samples of emulsions from machine shops in Mich- 
igan, Illinois, and Wisconsin were investigated by the 


previously described methods. Figure 1 shows that most 
of the samples contained between 10° and 10° bacteria 
per ml. These results are in agreement with the work 
of Duffett et al., (1943). 

Growth of bacteria in different soluble oil emulsions. 
Growth of mixed flora was followed in small stationary 
Erlenmeyer flasks, in gallon volumes of emulsion c¢ircu- 
lated twice daily, and in industrial pits containing 
several thousand gallons. Thirteen different soluble oils 
were investigated in the laboratory and two in industry. 
In the laboratory the inoculum used was composed of 
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Fic. 1. Frequency distribution of bacterial populations in 
36 samples of soluble oil emulsions obtained from industrial 
sources. 


mixtures of emulsion samples taken from industrial 
sources and the medium was a 4 per cent emulsion of 
soluble oil in tap water with added iron chips. In the 
factory one of the pits (A) was filled with a 2 per cent 
emulsion, the other (B) with a translucent coolant 
which was not an emulsion. In these pits the inoculum 
was the residual indigenous flora. 

Results of the laboratory experiments indicate that 
all 13 soluble oils supported microbial growth with 
populations between 10’ and 108 cells per ml being ob- 
tained within two or three days. Figure 2 shows two 
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population curves typical of growth in the 13 soluble 
oils. Growth of the indigenous flora in fresh coolant in 
the machine shop is shown in table 2. Unfortunately 
a sample could not be obtained from system A at the 
time it was filled but it is obvious that the substrate 
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Fig. 2. Growth curves of mixed cultures in emulsions of two 
different soluble oils. These oils are representative of 13 oils 
studied. 


TABLE 2. Increase of bacterial populations in two cutting fluids 
in a machine shop 


BACTERIA PER ML 


DAYS IN USE ——— 


A* Bt 


0 200, 000 
1 

2 16,000,000 

3 270,000 
4 

5 46,000,000 

6 12,300,000 
7 

8 

9 91,000,000 

10 9,000, 000 


* Two per cent emulsion. 
+ Non-emulsified coolant. 


in system A supported a much greater microbial popula- 
tion than did the non-emulsified coolant in system B. 

Growth of pure cultures in the laboratory. Thirteen 
pure cultures isolated from three samples of emulsion 
oltained from industry were introduced into separate 
Erlenmeyer flasks containing sterile 4 per cent emulsion 
of a single soluble oil. All thirteen grew readily, as did 
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stock cultures of Escherichia coli, Aerobacter aerogenes 
and Pseudomonas aeruginosa. Figure 3 shows two growth 
curves typical of the 13 isolates studied. It can be seen 
that different levels of population were obtained by 
different cultures. 

Effect of oil concentration on microbial population in 
the emulsion. The effect of the oil concentration was 
studied by inoculating emulsions containing 10.0, 1.0, 
0.1, 0.01, and 0.0 per cent of soluble oil and following 
the growth curves at room temperature. The emulsion 
was made with tap water. The inoculum was a mixture 
(20 industrial samples) of organisms grown on nutrient 
agar containing 1 per cent soluble oil. The inoculum 
was washed 3 times in M/20 phosphate buffer at pH 7.0 








LOGARITHM OF BACTERIA PER ML 











TIME DAYS 
Fig. 3. Growth curves in soluble oil emulsions of two isolates 
obtained from industrially-used emulsions. These curves are 
representative of 13 isolates studied. 


and diluted to give about 10° cells per ml of inoculated 
emulsion. Figure 4 shows growth curves of the mixed 
inoculum in various concentrations of oil. Table 3 shows 
that as the oil concentration was increased the mean 
generation time in the logarithmic phase decreased. 
However, after 3 days there was a rapid decline of the 
microbial population in 0.1 per cent oil. 

Effect of added peptone on the microbial population in 
the emulsion. Peptone, as a source of additional nitrogen 
for microbial growth, was added in concentrations of 
0.5, 0.05, 0.005 and 0.0 per cent to a 4 per cent emulsion 
of soluble oil. Figure 5 shows that at 4 days the addi- 
tion of 0.5 per cent peptone to the emulsion resulted in 
about a 100-fold increase in microbial population over 
that obtained in the absence of peptone. Replicate ex- 
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periments using the above as well as intermediate con- 
centrations of peptone gave a linear curve for the micro- 
bial population at 4 days when log population was 
plotted against log peptone concentration. This curve 
fitted the formula y = 1.47x for peptone concentra- 
tions from 0.005 to 0.25 per cent. 

The addition of peptone to the emulsion resulted in 
the production of objectionable odors which were very 
pronounced in 0.5 per cent concentration of peptone 
‘but less so in 0.05 per cent. 
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Fic. 4. Effect of oil concentration on the growth of baec- 
teria in soluble oil emulsions. 


. ee : roo . : 
TABLE 3. Effect of oil concentration on the,mean generation time 
of bacteria growing in soluble oil emulsions 


PER CENT OIL MEAN GENERATION TIME IN MINUTES 


10.00 173 
1.00 193 
0.10 247 
0.01 289 
0.00 367 


Possible sources of contamination of emulsions used in 
industry. Several materials which might contain micro- 
organisms capable of growing in soluble oil emulsions 
were used as inocula for a two per cent emulsion of 
soluble oil in tap water. Air, sputum, feces, sludge from 
a machine shop pit, sweepings from a machine shop 
floor and garden soil were investigated. In addition, 
an emulsion was made with river water. All emulsions 
were made in sterile equipment (Pivnick, 1952) and 
after inoculation were circulated continuously through 
iron chips by means of sterile compressed air. Plate 


counts were made 45 min after inoculation anc at 
intervals thereafter. 
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Fic. 5. Effect of added peptone on the growth of bacteria 
in soluble oil emulsions. 
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Fic. 6. Growth of contaminants in soluble oil emulsions 


Figure 6 shows the growth of microorganisms result- 
ing from inoculation with river water, feces, sludge. 
sweepings and garden soil. The results for sputum, aerial 
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contamination and uninoculated control are not 
graphed. The emulsion containing the sputum was 
sterile at 9 hr, the emulsion exposed to the air was 
sterile at 161 hr but contained 2,600,000 bacteria per 
ml at 353 hr, and the uninoculated tap water control 


remained sterile for the duration of the experiment. 


DISCUSSION 


Diluents and media. Many of the diluents investi- 
gated are suitable for this work. Phosphate buffers and 
distilled water are generally adequate, although some 
experiments indicated that a pH of the diluent which 
differs markedly from that of the emulsion being in- 
vestigated may rapidly kill the bacteria. Saline is defi- 
nitely toxic, as shown in table 1. However, buffered 
saline gave results totally unlike those given by buffer 
alone or saline alone. Although all diluents received 
identical inocula, the mean count at one minute in 
diluents 1 to 8 inclusive (table 1) was 170 per ml, while 
in diluents 9 to 11 inclusive (buffered salines) the mean 
count was 72. This indicated that buffered salines 
caused a rapid decrease in bacterial populations as 
determined by the plate count. The decrease was not 
due to a killing effect because at 30 minutes and there- 
after the counts were considerably greater than at one 
minute. A possible explanation of this phenomenon is 
that buffered saline caused an immediate clumping, but 
that on standing the clumps of bacteria broke apart. 

Phosphate had an antagonistic activity towards the 
toxie effect of sodium chloride (table 1). At 90 minutes 
the buffered salines (diluents 9, 10, and 11) had a mean 
count of 145 bacteria per ml and distilled water con- 
tained 161 bacteria per ml; but saline contained only 
(6 bacteria per ml. 

Growth. Bacterial populations in emulsions used in 
industry vary considerably but large populations com- 
parable to those found in milk, fish, soil, ete., are rarely 
encountered. Very low microbial populations (10% to 
10! cells per ml) in industrial samples probably indicate 
the presence of disinfectants since 13 oils examined in 
the laboratory all supported growth of at least 107 
bacteria per ml, while some contained almost 10° bac- 
teria per ml. The level of population maintained may be 
a function of the nitrogen content of the emulsion be- 
cause nitrogen determinations of several oils indicated 
that the greatest populations were obtained in those 
oils containing the most kjeldahl nitrogen. Increased 
growth upon the addition of peptone adds some weight 
to this hypothesis, although the carbon content of the 
peptone cannot be disregarded. It is unlikely that 
growth factors are involved because the washed inocu- 
lum grew well in emulsions made with tap water. 

The increased numbers of bacteria produced upon 
increasing the oil concentration from 1.0 to 10.0 per 
cei't indicates that some component of the oils is present 
in « relatively small amount. It is unlikely that carbon 
in ‘he 1 per cent emulsion would be a limiting nutrient, 
much less in the 10 per cent emulsion. This again sug- 
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gests that lack of nitrogenous compounds may be a 
cause of limited growth. The apparently anomalous 
growth curve for 0.1 per cent oil emulsion, which shows 
a much lower level of population after 4 days than was 
found in 0.01 or 0.0 per cent emulsion, is possibly the 
result of some autoantibiotic effect which was buffered 
by higher concentrations of oil and not produced in 
lower concentrations. This phenomenon was encoun- 
tered in replicate experiments. 

The growth from various types of inocula such as 
river water, feces, garden soil, etc., indicates the dif- 
ficulty or even the futility of attempting to prevent 
microbial contamination. The failure of microorganisms 
to grow from the emulsion inoculated with sputum 
and the toxic effect of oil on pathogenic streptococci 
(Pivnick, 1952) are of some interest when one con- 
siders the amount of expectoration often directed into 
the cutting fluids. However, an effective control ap- 
pears to be the addition of disinfectants, some of which 
have been studied recently (Pivnick and Fabian, 1953). 
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SUMMARY 


In the enumeration of bacteria in soluble oil emul- 
sions, M/20 phosphate buffers at pH 7.0 to 8.0, or dis- 
tilled water appear adequate as a diluent and nutrient 
agar as a plating medium. Diluents containing sodium 
chloride are undesirable. Bacteria grow readily in a 
variety of soluble oils, with soil, feces, river water, 
machine shop sweepings and pit sludge serving as 
inocula. Increasing the oil concentration of the emul- 
sion decreases the mean generation time and increases 
the number of viable bacteria. The addition of peptone 
to the emulsion increases the number of viable bacteria 
and results in objectionable odors. 
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Soluble oils are emulsifiable petroleum oils or emulsifi- 
able mixtures of petroleum and fatty oils. The emulsify- 
ing agents are usually soaps of petroleum sulfonates, 
resin, tall oil or fatty acids. When mixed with water the 
soluble oils form stable, milky emulsions. 

Soluble oil emulsions are used in the machine in- 
dustries as coolants and lubricants for cutting, drilling, 
and grinding metal. They serve to reduce friction and 
dissipate heat, thus prolonging the life of the cutting 
tools and preventing warping of the machined metal. 
They also leave a rust-preventing film of oil on the 
finished work. 

Many bacteria grow in soluble oil emulsions causing 
such undesirable conditions as foul odors and lowered 
pH with subsequent breaking of the emulsion. 

Elimination of undesirable conditions created by 
microbial growth is expensive and frequently is not 
given the attention which it merits. Foul odors can 
be eliminated by intensive aeration and a drop in pH 
can be counteracted by the addition of trisodium phos- 
phate. But neither of these treatments stops the under- 
lying cause of the trouble, the survival or growth of 
bacteria in the emulsion. 

The control of bacteria in cutting fluids has been the 
object of sporadic research for over 35 years, but today 
it is still an urgent industrial problem. Frequent pas- 
teurization of the emulston has been recommended, but 
installation of such equipment is expensive and unless 
all contaminating material is removed the indigenous 
bacterial flora will grow to maximum population within 
a few days (Weirich, 1943). Disinfection by the addi- 
tion of chemicals has been the object of some research 
but at present this measure is not regarded as a panacea, 
and Schwartz (1949) has recommended caution in the 
use of disinfectants. 

Disinfectants used in soluble oils are limited in number 
and most have some objectionable property. For ex- 
ample, formaldehyde and phenolic compounds which 
have been used for this purpose may prove irritating to 

1 Journal article No. 1469. 

2 Assistant Professor of Bacteriology, University of Ne- 
braska, Lincoln, Nebraska. 

3 Professor of Bacteriology and Public Health, Michigan 
State College, East Lansing, Michigan. 


204 


1953 


the skin of workers (Schwartz, 1949). Moreover, the 
former may be lost through volatilization during hot 
weather (Liberthson, 1945) while the latter may be in- 
activated under conditions of use (Lee and Chandler, 
1941). Also, many factories do not employ qualified 
personnel to supervise the addition of disinfectants and 
as a result indiscriminate addition of phenolics has 
sometimes caused severe skin irritation. Other com- 
pounds recommended are resorcinol (Lee and Chandler, 
1941), tetrachlorophenol (Dow Chemical Co., 1951) and 
sodium o-phenylphenate (Westveer, 1951); but resor- 
cinol is relatively expensive and sodium o-phenylphe- 
nate, in the concentration recommended, does not ap- 
pear to be ideal, as will be shown by the results of this 
investigation. 

Requirements of a good disinfectant for soluble oil 
emulsions are numerous. A few of the desirable qualities 
are: lack of toxicity, whether in direct contact with the 
skin or inhaled as a vapor or in an aerosol of the emul- 
sion; solubility in oil if added by the manufacturer or 
compatability with the emulsion if added by the user; 
non-corrosiveness to metals; resistance to inactivation 
by oils, metals or aeration; endurance for the life of 
the emulsion or easily analyzed quantitatively by semi- 
trained personnel in order that concentration may be 
maintained; and finally, low cost. 

Although there has been relatively little investigation 
of compounds suitable for soluble oil emulsion disinfec- 
tion there is even less published work concerning 
methods of evaluating disinfectants for such purposes. 
Inoculation of mixtures of disinfectant and emulsion 
followed by plate counts (Lee and Chandler, 1941) or by 
streak plates (Westveer, 1951) to determine survival 
were the only methods encountered in a literature sur- 
vey. Neither of these methods appeared to be adequate 
because they disregarded several conditions obtained 
in use which influence the active life of the disinfectant. 

The purpose of this research was two-fold: (a) to 
develop methods of testing the efficacy of chemical 
compounds when used as disinfectants in soluble oil 
emulsions and (b) to test many chemical compounds 
for their germicidal power to kill bacteria in soluble 
oil emulsions under conditions simulating those found 
in industry. 
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MATERIALS AND METHODS 


Materials used for the testing of disinfectants were 
those with which the disinfectant would be in contact 
under industrial conditions: soluble oil, iron chips and 
microbial flora indigenous to soluble oil emulsions used 
in factories. Also, methods of testing were designed to 
simulate industrial conditions: circulation of disinfec- 
tant and emulsion over iron chips, successive inocula- 
tion with mixed flora, and continuous aeration. The 
soluble oil was a petroleum oil emulsified with a pe- 
troleum sulfonate soap; the chips were cast iron of such 
a size that there were about 50 chips per gram, and the 
inoculum was a mixture of several soluble oil emulsions 
obtained from different factories. 

Two methods were used for investigating compounds 
as disinfectants. The first, the methylene blue test, was 
a screening test which, because of its simplicity, could 
be used to examine large numbers of compounds in a 
relatively short time. The second, the circulation test, 
was one in which inoculated soluble oils containing 
different amounts of the various disinfectants to be 
tested were continuously circulated over iron chips and 
checked at intervals for bacterial growth. This was a 
more severe test designed to simulate conditions ob- 
tained in industry. Only compounds which appeared 
promising with the methylene blue test were subjected 
to the second method. 


The Methylene Blue Test 


This test is based on the ability of bacteria indigenous 
to soluble oil emulsions to lower the oxidation-reduc- 
tion potential when actively multiplying in fresh soluble 
oil emulsions. Preliminary studies showed that during 
the logarithmic phase of growth the Eh dropped over 
500 mv and when methylene blue thiocyanate was 
added in the concentration used for milk analyses 
(A.P.H.A., 1948) it was decolorized. Any disinfectant 
which prevented reduction of methylene blue was con- 
sidered inhibitory to the growth of the microorganisms 
in the emulsion, and almost all the compounds which 
inhibited methylene blue reduction were tested by the 
circulation test. 

The methylene blue reduction test was conducted 
as follows. Plugged culture tubes (16 mm x 150 mm) 
containing about 0.3 g of iron chips were sterilized in 
a hot air oven. The substrate, a four per cent soluble 
oil emulsion in tap water, was sterilized in the auto- 
clave at 121 C for 20 min. The methylene blue thio- 
cyanate solution was prepared by dissolving a 1 gram 
tablet in 200 ml of sterile hot distilled water. The dis- 
infectant was prepared as a 1 per cent stock solution 
using oil emulsion, or occasionally ethanol when neces- 
sary, as a solvent. The test organisms were contained 
in 0.5 ml of a mixture of heavily contaminated soluble 
oil emulsions obtained from several machine shops. To 
carry out the test, methylene blue thiocyanate solution 


0 


and soluble oil emulsion were mixed aseptically in the 
ratio of 1:10. Ten ml of the mixture was pipetted into 
each tube and this was followed by the addition of 
sufficient of the stock solution of disinfectant to dupli- 
‘ate tubes to give the disinfectant concentration de- 
sired. The test medium was then allowed to remain 
with occasional shaking at room temperature for one 
week before being inoculated. After inoculation the 
tubes were incubated at room temperature. 

All compounds were tested at 0.1 per cent concentra- 
tion and if preliminary tests showed this concentration 
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Fig. 1. Circulation apparatus for testing disinfectants in 
soluble oil emulsions. 


would inhibit methylene blue reduction, smaller concen- 
trations were investigated. Adequate controls were used 
to ensure that the disinfectant itself did not bring about 
the reduction (a few compounds did) and also that the 
methylene blue would be reduced in the absence of a 
disinfectant. Under conditions of the test, methylene 
blue in inoculated, disinfectant-free emulsions was re- 
duced completely in 36 to 40 hours. Compounds which 
inhibited reduction for one week were considered suit- 
able for the circulation test. 

The circulation test. The apparatus and methods used 
for the circulation test were as follows. The apparatus, 
shown in figure 1, consists of a screw-capped (C) wide- 
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mouthed gallon bottle (1) containing 3600 ml of a 2 
per cent soluble oil emulsion. Compressed air, entering 
through tube (A) is regulated by screw clamp (B) with 
the aid of water manometer (J). The air forces emul- 
sion through flow tube (D) into funnel (E) which is 
held in place by elastic band (F). The emulsion falls 
on 3 g of iron chips (G) supported on wire mesh (H) 
and returns to the bulk of the liquid in the bottle. The 
emulsion containing the desired concentration of dis- 
‘infectant was circulated for one week and then inocu- 
lated with 10 ml of mixed industrial samples. Plate 
counts (Pivnick, 1952) of the inoculum were made in 
order to calculate the concentration of bacteria per ml 
of emulsion at zero time and plate counts of the circu- 
lated emulsion were made at 1, 10 and 18 days. Emul- 
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6-trichlorophenol; 2 ,3 ,4,6-tetrachlorophenol; 0-benz y1- 
p-chlorophenol; mixture of 4-chloro-2-phenylphenol «ind 
sulfathiazole: 
sulfapyridine; 
acid; sulfanilic acid; dehydroacetic acid and its sodium 


6-chloro-2-phenylphenol; — sulfadiazine; 


sulfaguanidine; sulfamerazine; sorbic 
salt; malonic acid; trichloracetic acid; potassium salicy]- 
ate; sodium oleate; sodium laurate; sodium hippurate; 
sodium tetraborate; sodium benzoate; methy!-p- 
hydroxy benzoate; p-cresyl benzoate; benzoyl peroxide; 
penterythritol diacetal; penterythritol 
penterythritol di-formal; penterythritol di-propanal; 


cobalt linoleate; cobalt carbonate; alpha alanine; beta 


di-n-butyral; 


alanine; thiourea; p-chloro-m-xylenol, 1 ,3-dichloro-5 ,5- 
dimethylhydantoin; 4+,4-dichlorobenzophenone; dode- 
cylamine; tetradecylamine; N-chlorosuccinimide; hex- 


TABLE 1. The effect of disinfectants on bacteria in continuously circulated soluble oil emulsions 


COMPOUND CONCENTRATION 
( 

No disinfectant............. 
Mercurie chloride es wis 0.010 
o-Hydroxyphenyl mercuric chloride 0.005 
Phenyl mercuric oleate 0.005 
Nitromersol 0.050 
Azochloramide 0.010 
Chlormine T. ae 0.050 
Dichloramine B. 0.050 
bis - (3,5,6 - Trichloro - 2 - hydroxypheny]l) 

methane 0.100 
bis - (3,5,6 - Trichloro - 2 - hydroxypheny]l) 

methane : 0.010 
Sulfanilamide 0.100 
Isobutyl resorcinol... 0.100 
Amy! resorcinol. 0.100 
Hexy! resorcinol re ’ 0.100 
Octyl resorcinol a niet 0.100 
Parachlorometacresol 0.050 
Cobalt naphthenate.. . 0.010 
Copper naphthenate : 0.025 


* Inoculated. 
—No observations made. 


sions sterile at 18 days were reinoculated with the 
mixed samples of known bacterial population at 22 
days and a final count was made at 29 days. In a few 
instances this schedule rigidly followed 


(table 1). 


Was not 


RESULTS 

Many compounds were investigated and although a 
few are not usually regarded as bactericides, most of 
those tested have been used as disinfectants at some 
time or other. Compounds which failed to inhibit re- 
duction of methylene blue under conditions of the 
screening test when used in 0.1 per cent concentration 
were octyl phenol; nonyl phenol; dinonyl phenol; do- 
decyl phenol; o-phenylphenol and its sodium salt; 2- 
chloro-4-phenylphenol; 2-bromo-4-phenylphenol; 2,4, 


) days* 


28 


BACTERIAL POPULATION PER ML IN HUNDREDS 


1 day 10 days 18 days 22 days* 29 days 44 days 
58, 000 50, 000 44,000 1,500 
0 0 0 $10 0 
0 0 0 16 0 
0 0 0 16 0 
0 — 2,600 
0 0 0 16 0 
380 9, 500 — —_— 
6 250 2,600 
0 0 0 810 0 
27,000 6,800 5,400 1,350 
620 560 150 0 
0 0 0 16 12,000 
0 0 0 16 46, 000 
0 0 0 16 0 
0 0 0 16 0 
0 0 0 126 1 600 
27 28, 500 10,000 2,100 
18, 500 24,000 1,600 280 
” 


ylene glycol; and a commercial mixture of phenols, coal 
tar neutral oils and soap. 

Compounds which inhibited partially or completely 
the reduction of methylene blue under conditions of the 
test when used in concentrations of 0.1 per cent or less 
were mercuric chloride; o-hydroxypheny! mercuric chlo- 
ride; phenyl mercury oleate; dichloramine B; chlora- 
mine T; azochloramide; sodium salt of 2,4,5-trichlo- 
rophenol; sulfanilamide; p-chloro-m-cresol; bis (3,5, 
6-trichloro-2-hydroxyphenyl) methane; nitromersol; co- 
balt chloride, nitrate, phosphate, sulfate, acetate and 
naphthenate; copper naphthenate; isobutyl resorcinol; 
amyl resorcinol; hexyl resorcinol; octyl resorcinol. 

Most of the compounds which did inhibit partially 
or completely the reduction of methylene blue were 
tested by the circulation and aeration method pre- 
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viously described. A few were not tested by this method 
because they tended to break the emulsion or caused 
other undesirable changes. Concentrations of dis- 
infectants tested in the circulation apparatus were 
chosen after studying the concentrations required to 
inhibit reduction of methylene blue. The concentrations 
of disinfectants used and their effects on bacterial popu- 
lations in the emulsions are shown in table 1. 


DISCUSSION 


A disinfectant must be effective under the conditions 
of its use. For this reason in both the methylene blue 
reduction test and the circulation test the disinfectant, 
oil emulsion and iron chips were mixed together and 
allowed to stand for a relatively long time before inocu- 
lation. The inoculum was a mixture of contaminated 
soluble oil emulsions obtained from industrial sources 
rather than a pure culture growing in laboratory 
medium. 

The conditions for the methylene blue reduction test 
could be varied considerably without materially affect- 
ing the final results. Apparently neither the amount of 
iron, the soluble oil concentration, nor the age or 
amount of the inoculum had any effect on the outcome 
of the results. However, some iron was necessary for re- 
duction to take place, and although the age of the in- 
oculum was not important it was necessary for the 
bacteria to be multiplying rapidly in the test emulsion. 
In fact, the 36 to 40 hours necessary to bring about 
complete reduction coincided with the logarithmic 
phase of the growth curve (Pivnick, 1952). Emulsions 
which had been inoculated 10 days previous to the addi- 
tion of methylene blue would not reduce this compound 
even though several million bacteria per ml were present. 

The circulation test was designed to simulate indus- 
trial conditions and also to give quantitative data re- 
garding the effectiveness of the compounds being tested. 
Such data were desired because compounds capable of 
suppressing growth without obtaining actual sterility 
may have value under practical conditions. 

Several of the compounds which inhibited reduction 
of methylene blue were not used in the circulation test 
because they tended to break the emulsion, and one 
Was totally ineffective in stopping multiplication. Nor 
were all the concentrations investigated in the circula- 
tion apparatus entered in table 1, only those which 
appeared relevant being included. All of the compounds 
listed may have some use in industry, depending on 


factors such as toxicity, compatability with metals and 
cost. However, further testing should be carried out 
under industrial conditions, since rate of flow of the 
soluble oil through the system, gross contamination of 
the soluble oil with organic matter, method and volume 
as Well as length of storage of the contaminated oil all 
may be factors that affect the efficacy of the disin- 
fectant. 
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SUMMARY 


Two methods were evolved for testing the germicidal 
properties of chemical compounds in soluble oil emul- 
sions. For preliminary testing the germicidal value of 
a chemical compound in a soluble oil emulsion the 
methylene blue test, as described, was found valuable 
as a screening test. 

As a final and more severe test for screening chemical 
compounds for their germicidal value in soluble oils 
the circulation test, as described, proved valuable. 

Under the conditions of the circulation test only a 
few chemical compounds tested proved to be of any 
value. 
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The work reported here presents the results of an 
investigation into the replacement of lactose by glucose 
or by sucrose in a corn steep liquor medium for the 
production of penicillin. Previous work has established 
(Johnson, 1946) that glucose and sucrose are metabo- 
lized by Penicillium chrysogenum at a more rapid rate 
than is lactose. Also, it has been shown that a maximum 
rate of penicillin production is obtained under fermenta- 
tion conditions which support a slow rate of growth, 
such as those of the conventional lactose fermentation. 
In order to approximate those conditions when glucose 
or sucrose was used as a carbohydrate source, these 
sugars were fed at rates chosen so as to restrict their 
utilization. The optimum feed rate of each sugar for 
penicillin production was then determined. This work 
was done exclusively in 30-liter stirred and aerated 
stainless steel fermentors. Work of a similar nature 
employing a synthetic medium has been reported else- 
where (Hosler and Johnson, 1953). 


EXPERIMENTAL METHODS 
Fermentation Techniques 


Penicillium chrysogenum W49-133 was used through- 
out these experiments. Previous studies on penicillin 
production by this strain, and its derivation from the 
parent strain Penicillium chrysogenum Q176, have been 
reported elsewhere (Anderson ef al., 1953). 

A vegetative inoculum for the 30-liter fermentors 
was prepared through several stages. Firstly, in a 500- 
ml Erlenmeyer flask a mixture of 5 g bran and 5 g 
crushed corn, moistened with tap water and sterilized 
by autoclaving at 15 pounds pressure for 45 minutes, 
was inoculated with a small quantity of a soil stock 
and incubated at 25 C for 7 days, by which time sporula- 
tion was abundant. Several flasks were prepared in this 
way at one time, and stored at 5 C until required. 
Secondly, to the sporulated corn-bran flask was added 
100 ml of a solution containing 6 g dextrin and 2 g corn 
steep solids, previously sterilized by autoclaving. The 

1 Published with the approval of the Director of the Wis- 
consin Agricultural Experiment Station. Supported in part 
by grants from Parke, Davis and Company, Detroit, Michigan, 
and the Heyden Chemical Corporation, New York City, 
New York. 

2 Biochemist, Commonwealth Serum Laboratories, Park- 
ville, Victoria, Australia. 
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spore suspension thus obtained was incubated at 25 C 
on a rotary shaker operating at 250 rpm and describing 
a 2-inch circle. After 24 hours the contents of the flask 
were added aseptically to a 30-liter seed fermentor, 
similar in design to the fermentors described by Brown 
and Peterson (1950). This seed fermentor contained 16 
liters of a medium comprising (in grams per liter) corn 
steep solids 25, lactose 30, glucose 2.0, KH:.PO, 0.25, 
MgS0O,-7H.0 0.1, and CaCO; 1.0. To control foaming, 
1.0 g per liter of a 6 per cent solution of Alkaterge C* 
in lard oil was added, and the pH of the medium was 
adjusted to 6.2 with NaOH before sterilization. 

The seed fermentor was incubated in a water bath 
at 25 C, agitated at 380 rpm and aerated at the rate 
of 0.5 volumes of air per volume of medium per minute. 
After 24 hours’ growth the required volume of inoculum 
for the 30-liter fermentors was withdrawn into sterile 
1-liter Erlenmeyer flasks. Each fermentor received 5 
per cent by volume of this inoculum. 

The medium used in the 30-liter fermentors contained 
(in grams per liter) corn steep solids 30, glucose 5, 
CaCO; 5, NaSO, 1.0, and Alkaterge C in lard oil 1.0, 
made up to a volume of 15 liters. The sugar to be added 
during the run was dissolved separately in tap water, 
the quantity of potassium phenylacetate (precursor) 
solution equivalent to a concentration in the fermentor 
of 3 g phenylacetic acid per liter, recommended by 
Brown and Peterson (1950), was added to it, and the 
volume made up to 3 liters. For the control runs, in 
which all of the sugar was added initially, the potassium 
phenylacetate was made up in 3 liters of solution and 
fed during the fermentation as for a sugar solution. 

An antifoam reservoir filled with the solution of 
Alkaterge C in lard oil was fixed to the fermentor head, 
and a metering valve attached after sterilization, to 
permit the addition of antifoam to the fermentor on 
demand. The construction of this antifoam metering 
ralve been described by Anderson et al. (1953) and a 
general description of the fermentors given by Brown 
and Peterson (1950). 

Each fermentor was incubated at 25 C in the water 
bath, agitated at 500 rpm and aerated at the rate of 
1.0 volumes of air per volume of medium per minute. 
No provision for pH control during the runs was found 


3 Commercial Solvents Corp., Terra Haute, Indiana. 
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PENICILLIN PRODUCTION 


necessary. After sterilization, the pH of the medium 
was in the range 5.6 to 5.8, and 20 to 24 hours after 
inoculation, when sugar feeding was begun, the pH 
had risen to about 7.0 in almost every run. 

The sugar and precursor solution was fed to the 
fermentors by means of a small 1-rpm motor-operated 
positive displacement pump shown in figure 1. The 
rubber tubing connecting the sugar reservoir to the 
fermentor passed along the semi-circular channel of the 
pump so that the tubing was always compressed by at 
least one of the rollers which travelled along the chan- 
nel. The pump was caused to operate intermittently 
by means of a timer adjusted so that the sugar solution 
was fed at the desired rate. 

Samples were withdrawn from the fermentors at in- 
tervals for penicillin assays and chemical analyses, and 
were handled in the manner described by Gailey et 
al., (1946). 
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Fig. 1. Rotary positive displacement pump 


Analytical Procedures 


The pH of each sample was determined immediately 
after its withdrawal by means of a glass electrode. 

The total penicillin titer was measured by a modifi- 
cation of the cylinder-plate method of Schmidt and 
Moyer (1944). The test organism used was Micro- 
coccus pyogenes Var. aureus. 

All sugars were determined by the Shaffer and So- 
mogyi (1933) method, with reagent 50 containing 5 g 
KI, and titrations were referred to standard curves 
prepared for each sugar. Lactose was hydrolyzed in 
0.5 xn HCl in an autoclave at 15 pounds pressure for 
20 minutes. Sucrose was similarly hydrolyzed, except 
that the heating time was reduced to 5 minutes. 

Soluble Kjeldahl nitrogen was determined by the 
micro-method of Johnson (1941) and the correspond- 
ing mycelial nitrogen content for any sample calcu- 


lated by difference from the soluble nitrogen value of 


the sample taken at the time of inoculation. 
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For the determination of ammonia, a small aliquot 
of the undiluted sample filtrate was made alkaline, 
the solution then gently aerated, and the ammonia 
evolved absorbed in an aliquot of standard sulfuric 
acid. 


RESULTS AND Discussion 

It was found that, with a concentration of 0.5 per 
cent glucose present initially in the fermentor medium, 
growth from the inoculum was rapid and the growth 
phase was virtually complete in 24 hours. The mold 
appeared to be indifferent to the presence of another 
sugar during this phase. Continuous sugar feeding was 
begun at 20 to 24 hours after inoculation and continued 
for 72 hours; extension of the feeding time beyond this 
period appeared to have no advantage, as a decrease 
in penicillin titer was found to occur at about 100 
hours in most runs even when the sugar supply was not 
limiting. 
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Fic. 2. Effect of sugar feed rate on penicillin production 


For purposes of comparison of the value of the feed- 
ing technique for the three sugars tested, the conven- 
tional fermentation with 3 per cent lactose present 
initially was taken as a standard. None of the fed runs 
reached a penicillin titer as high as that in the lactose 
standard, which was 1610 units per ml (average of 3 
runs). The penicillin yields from fermentations fed 
glucose, sucrose or lactose are shown in figure 2. 

For glucose, the best feed rate tested was found to 
be 0.042 per cent per hour, equivalent to 3 per cent 
overall, giving a maximum penicillin titer of 1520 units 
per ml at 83 hours. 

In the series of sucrose-fed runs it was found that 
the total concentration of sucrose required to give 
penicillin yields comparable with those from glucose 
or lactose-fed media was considerably higher than for 
those sugars. 

The penicillin titer of control runs, in which 5 per 
cent sucrose was present initially, was 1360 units per 
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Fic. 4. Chemical changes in a fermentation fed 5 per cent 
sucrose 


ml (average of three). While there was close agreement 
in the chemical changes occurring in media containing 
lactose or sucrose respectively, as regards ammonia 
and mycelial nitrogen levels, there was a striking differ- 
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ence in the rates of sugar utilization. This is show) in 
figure 3. Apparently the sucrose is assimilated so vap- 
idly by the mold that the condition of semi-starv:i ion 
typical of the lactose fermentation, and which appears 
to be necessary to a high penicillin yield, does noi oc- 
cur. The 5 per cent sucrose was used almost entirely 
by the mold in 48 hours. However, when the same 
total concentration of sucrose was fed slowly over 
period of 72 hours the 5 per cent level was not reached 
before 90 hours and the penicillin yield was higher, 
1410 units per ml, although still not as high as that in 
the lactose-fed fermentations. The chemical changes 
occurring in the sucrose-fed run are shown in figure 4. 

For the lactose-fed series, the optimum feed rate 
was found to be 2.4 per cent overall, or 0.034 per cent 
per hour, giving a penicillin titer of 1470 units per ml. 
The chemical changes in the fermentation to which 
2.4 per cent lactose was fed revealed no differences 
from the changes in the control runs sufficient to ex- 
plain the lower yield in the fed fermentation. 


TaBLeE 1. Effect of time of addition of lactose on penicillin yield 


LACTOSE 
CONCENTRATION 


MAXIMUM 
PENICILLIN YIELD 


TIME OF ADDITION TO MEDIUM 


units per ml 


3.0 Before sterilization 1610 
2.4 Before sterilization 1590 
2.4 With inoculum 1630 
2.4 After 16 hours growth 1542 
2.4 After 22 hours growth 1490 
2.4 Fed from 16th hour 1560 
2.4 Fed from 22nd hour 1470 


Some further experiments with lactose-fed runs were 
conducted in an attempt to clarify the anomaly ap- 
parent in figure 2; namely, that lactose when slowly 
fed would not give as high a penicillin yield as when 
present initially in the medium. The results of these 
experiments, which are shown in table 1, suggest that 
the lactose solution carried some factor which was 
effective during the growth phase of the fermentation 
in stimulating a higher yield of penicillin during the 
later phase. The effect was not due to the earlier addi- 
tion of the precursor, as this was present initially in 
the media of all these experiments. Samples of the 
commercial grade of lactose used in this work assayed 
95 to 97 per cent lactose against a standard USP lac- 
tose monohydrate. 


SUMMARY 


With a slow feeding technique, more rapidly assimi- 
lated sugars, such as glucose or sucrose, have bee 
employed successfully in place of lactose as the carbo- 


hydrate source in a corn steep medium for the produc- 
tion of penicillin. The work was done with 30-liter 
fermentors, and the penicillin-producing organism used 
was Penicillium chrysogenum W49-133. For the three 
sugars studied, the optimum feed rates found were: 
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PENICILLIN PRODUCTION 


for glucose, 0.042 per cent per hour (3.0 per cent total); 
for lactose, 0.034 per cent per hour (2.4 per cent total) ; 
and for sucrose, 0.070 per cent per hour (5.0 per cent 
total). The optimum yields of penicillin obtained, cor- 
responding to these feed rates, were: for glucose, 1520 
units per ml; for lactose, 1470 units per ml; and for 
sucrose, 1410 units per ml. 

Penicillin yields in media containing commercial lac- 
tose as the carbohydrate source were found to be im- 
proved when the lactose was present early in the growth 
phase of the fermentation. 
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A previous paper by the authors (Gray and Taylor, 
1952) reported the bacteriostatic effects of laurylamine 
saccharinate* in cultures of several common bacteria 
from the Macdonald College Collection. The present 
paper reports the results of more critical tests of bac- 
teriostatic action against eight of the species of bacteria 
previously tested, and of tests of the bactericidal power 
of the compound against species of bacteria freshly 
isolated from the naso-pharyngeal tract. The bacteria 
used for the latter test included a strain of Diplococcus 
crassus, four species of Neisseria, and one strain of 
Streptococcus salivarius. 


MATERIALS AND METHODS 
The naso-pharyngeal bacteria were cultivated by 
streaking cotton swabs infected by contact with the 


‘Contribution from the Faculty of Agriculture, McGill 
University, Macdonald College, Quebec, Canada; Macdonald 
College Journal Series No. 308. 

* Professor and Chairman of Department of Agricultural 
Bacteriology, MeGill University, Montreal, Quebec, Canada. 

Graduate student, Faculty of Graduate Studies and 
Research, McGill University, Montreal, Quebec, Canada. 
This work forms part of that done in partial fulfillment of the 
requirements for the M. Sc. degree of McGill University. 

The laurylamine saccharinate was supplied by Delmar 
Chemicals Ltd., Lachine, Quebec, Canada. 


surface of the nasal passage or the back of the mouth, 
onto the surface of suitable agar media in Petri plates. 
The solid medium found to be the most suitable for 
isolating Diplococcus and the Neisseria species was 
brain-veal agar (Difco). The Streptococcus was isolated 
from plates of brain-heart infusion (Difco) with agar 
(1.75 per cent) and methylene blue 1:50,000; it de- 
veloped green colonies on the medium containing the 
dye at that concentration. A study of the morphology, 
staining by Gram’s method, growth of colonies, and 
actions on carbohydrates yielded results which sug- 
gested that the characters of the Neisseria and Strep- 
tococcus species agree closely with those described un- 
der the chosen binomials in Bergey’s Manual of De- 
terminative Bacteriology (Breed et al., 1948). The 
binomial Dzplococcus crassus was applied by reason of 
close agreement of the culture’s actions on carbohy- 
drates, as reported by Mackie and McCartney (1942). 

Before proceeding to test the bactericidal power of 
the laurylamine saccharinate against the freshly iso- 
lated bacteria, it was necessary to ascertain the con- 
centrations which would prevent their growth. It was 
also necessary to repeat such tests with the Macdonald 
College Collection species (hereinafter designated by 
the letters MCC), to ascertain more critically the bac- 
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teriostatic concentrations of the compound. Experi- 
ments were then made to test the effects of additional 
organic matter, the effects of hydrogen-ion concentra- 
tion, and of the size of the inoculum, all of which con- 
ditions have some significance in the test for lethal 
concentrations. The last named experiment was done 
with the naso-pharyngeal bacteria only; the tests for 
bactericidal powers were also made only with those 
bacteria. 


Experimental 


A solution of laurylamine saccharinate was prepared 
by dissolving 0.5 gm of the compound in 100 ml of 








TABLE 1. Critical bacteriostatic concentrations of laurylamine saccharinate required to prevent growth of certain bacteria 
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in this and other tables represent mg/ml of lauryla:aine 
saccharinate. Triplicate cultures were in agreemei:t in 
all of these experiments. 

There was close agreement between the results for 
72 hours in these tests and those for 48 hours in the 
previous tests (Gray and Taylor, 1952), with the excep- 
tion that Escherichia coli, appeared to be more te- 
sistant in this second series; all subsequent tests showed 
that this species was the most resistant of all the species 
tested, and withstood relatively higher concentrations, 
Neisseria catarrhalis appeared to differ from the others 
in the group previously noted, in being unable to grow 
in the broth with more than 0.002 mg per ml of lauryl- 











| | NUTRIENT BRAIN HEART 
MCC CULTURES go | py oe NASO-PHARYNGEAL BACTERIA oe . pope rapabins ' 
| SKIM MILK | | SKIM MILK 

SRE WOOEMEL. . 55 ox cite boss v's ties sb0'u aes | «ee? .003 Diplococcus crassus | 03 07 
Bacillus ruminatus (megatherium).............. .004 .008 
Mycobacterium phlei M...................... 004 .007 Neisseria sicca -05 06 
Proactinomyces (Nocardia) erythropolis........ 004 .007 N. catarrhalis 003 . 004 
(ESS Us Ds ISR Stas Se 06 .07 N. perflava 04 | 07 
Pseudomonas pictorum...............+... 004 006 N. subflava 04 | 07 
P. (Agrobacterium) tumefaciens................ 004 .02 | 
Phytomonas (Xanthomonas) phaseoli........... .003 01 Streptococcus salivarius .02 .02 


* Figures represent mg/ml laurylamine saccharinate required to prevent growth in medium in 72 hours. 


TABLE 2. Minimum concentrations of laurylamine saccharinate p 


MICROORGANISM MEDIUM 
PIOCHOUDOOCME TODEUE..... 555656 5060 e0 50s 
Bacillus ruminatus. . 
Mi ponbaciorsum philet Mw... occ ccc ceeess 
Proactinomyces (Nocardia) erythropolis......... 
EN ec ooo ow Siemon cese naw 
Pseudomonas pictorum.................-2+++05: 
P. (Agrobacterium) tumefaciens................. 
Phytomonas (Xanthomonas) phaseoli............ 
SNE SMIIDNIE o.oo v's sc cca u's'ss sm pe eanees 
Neisseria sicca 
N. catarrhalis 
rte fens cine dws F Ow GA ua US eae endes 
IR ee Rec rite Shat wiasrs & oroies GaisisiarparsisSbian's 
eT ee 


Nutrient Broth 
Nutrient Broth 
Nutrient Broth 
Nutrient Broth 
Nutrient Broth 
Nutrient Broth 
Nutrient Broth 
Nutrient Broth 








-* The bacteria grew in plain broth at pH 8.0. 


sterile distilled water. This solution remained sterile 
throughout the period of the experiments. Appropriate 
quantities of the solution were diluted and transferred 
aseptically to flasks of media to yield the critical con- 
centrations required for the tests. All media were incu- 
bated for 24 hours at 30C to test for sterility; they 
were then inoculated in triplicate, by means of a stand- 
ard 3 mm platinum loop, from 24-hour broth cultures. 
Nutrient broth was used for study with the bacteria 
obtained from the MCC and brain-heart infusion was 
used for the freshly isolated bacteria. 

The critical bacteriostatic concentrations against the 
bacteria in plain broth are shown in table 1. The figures 


Brain Heart Infusion 
Brain Heart Infusion 
Brain Heart Infusion 
Brain Heart Infusion 
Brain Heart Infusion 
Brain Heart Infusion 


reventing growth, in 72 hours, in broths at various pH levels 


pH 6.0 pH 6.5 pH 7.5 pH 8.0* 
004 004 -004 no growth 
007 .008 -005 no growth 
-006 .005 -005 no growth 
04 .03 -008 no growth 
.10 08 08 no growth 
005 .004 lost lost 
-04 04 .03 no growth 
01 01 -008 no growth 
.07 .06 02 no growth 
04 05 .03 no growth 
.08 005 .002 no growth 
.07 .06 .02 no growth 
.07 05 .02 no growth 
01 01 .006 no growth 


amine saccharinate. A comparison between the naso- 
pharyngeal species with the others may not be accept- 
able, for the concentrations of organic matter in the 
two media differed; the brain heart infusion broth 
contained 3.7 per cent of solid material, while the 
nutrient broth contained 0.8 per cent. 


Effects of Organic Matter 


The MCC cultures were inoculated into nutrient 
broth containing 5 per cent by volume of skim milk; 
the naso-pharyngeal species were inoculated into brait- 
heart infusion broth with the same amount of milk. 
The critical bacteriostatic concentrations, those at 











which ¢ 
in table 

The ¢ 
static a 
reductic 
with Ps 
ichia co 


TABLE 3 
NASO-P 


Diplococ 
Veissert 
Y. catar 


V. subfl 
* Fig 


quired t 
72 hours 


TABLE 


Diplococ 


Neisseri 


Y. cata 


NY. perf 


Y. subfl 


Streptoc 


The 
were 2 
with t 
inoculs 
that p 
those | 

It n 
2 that 
acid si 
and al 
othe: 








aine 
t in 


s for 
. the 
cep- 
» Te- 
wed 
ecles 
ions. 
thers 
TOW 
uryl- 





[EART 
N PLUS 
SENT 
f1LK 


4 


nas0- 
cept- 
n the 
broth 
e the 


trient 
milk; 
yrain- 
milk. 


se al 











LAURYLAMINE SACCHARINATE ACTION ON BACTERIA 213 


which growth was not visible in 72 hours, are shown 
in table 1. 

The additional organic matter reduced the bacterio- 
static action against all except the Streptococcus; the 
reduction was 3-fold with Micrococcus roseus, 5-fold 
with Pseudomonas tumefaciens (Agrobacterium); E’scher- 
ichia coli and Neisseria sicca were only slightly affected. 


TaBLE 3. Effect of the volume of inoculum on bacteriostatic action 


VOLUME OF INOCULUM RATIOS OF 


NASO-PHARYNGEAL BACTERIA EFFECTIVE 
loop 0.1 ml wl 
Diplococcus crassus 0.03* 0.05 10.67 
Neisseria sicca...... : 0.05 0.06 1:1.20 
VY. catarrhalis. ...... ids 0.003 0.005 131.67 
N. subflava......... .| 0.04 0.06 1:1.50 


*Figures represent mg/ml laurylamine saccharinate re- 
quired to prevent growth in brain heart infusion medium in 
72 hours. 


TABLE 4. Bactericidal effects of laurylamine saccharinate 
against naso-pharyngeal bacteria 


GROWTH IN TRANSFER 
CULTURES IN 72 HR. 


LAURYL- 

rasa Minutes of contact: 
10 20 30 40 50 60 
Diplococeus crassus 0.1 + + 4+ 4+ + 0 
0.2 iti! @] @ @ 
0.3 G1 <0) by Oh OL) 
Neisseria sicca 0.1 oy em 2! el ee a ta 
0.2 Te [de sk ee 
0.3 Oi) OG) «Oc; Oy) @) a 
Y. catarrhalis 0.03 a ee ee eo ee ie 
0.04 ‘or 22 98° ‘: 
0.05 Os Och Oi GOR}! 05) °8 
N, perflava 0.1 Seca fostesate teste ote 
0.2 2) eae eT ey 
0.3 0) O| 0) @} 0} 0 
Y. subflava 0.3 + +/+ 4,54. 0 
0.4 +|+|+ 0; 0; 0 
0.5 0| 8) 8| 0) G1 0 
Streptococcus salivarius| 0.05 +i +i +!)+i+! 0 
0.06 +|+)+ 0 0 0 
0.07 OO) Oy} Be Oe a 


Effects of pH 


The nutrient broth and brain-heart infusion media 
Were adjusted to pH values of 6.0, 6.5, 7.5 and 8.0, 
with the aid of a Beckman pH-meter, sterilized, and 
inoculated. The critical bacteriostatic concentrations 
that prevented growth in 72 hours were found to be 
those shown in table 2. 

It may be concluded from the results given in table 
2 that laurylamine saccharinate is less effective on the 
acid side of neutrality, and more effective at pH 7.5 
and above. This effect is comparable to that given by 
other related cationic agents. 


Effects of Large Inocula 


The volume of the inoculum with each of the naso- 
pharyngeal bacteria was increased by placing 0.1 ml 
of broth culture into each tube of medium; this was 
approximately equivalent to a 10-fold increase in the 
number of cells (table 3). D. crussus, N. sicca, N. catar- 
rhalis and N. subflava were prevented from growing 
by only a slight increase in concentration above that 
previously ascertained to be the critical bacteriostatic 
concentration. As the inoculations were not made 
from identical cultures, it may be doubted if such 
differences are significant. It was decided to use the 
larger volume of inoculum in testing the bactericidal 
effects. 

Bactericidal Action 

The bacteria were inoculated into the brain-heart 
infusion broths in triplicate. Transfers of 0.1 ml were 
made from shaken tubes at 10-minute intervals up 
to 1 hour. The transfer cultures were incubated for 
72 hours. The results are shown in table 4. 

The bactericidal concentrations, lethal within 10 min- 
utes, were thus shown to range from 3.5 times to 16 
times the critical bacteriostatic concentration. S. salt- 
varius and N. catarrhalis were the least resistant of the 
bacteria; the former, though able to grow in broth 
containing nearly ten times as much laurylamine sac- 
charinate as the latter, (table 1) was killed at 0.06 per 
cent in 40 minutes, a dose not much greater than that 
required to kill N. catarrhalis in 10 minutes. 


SUMMARY 


Laurylamine saccharinate prevented the growth of 
Escherichia coli in plain broth, in 72 hours, in the con- 
centration of 0.006 per cent. The effective dose against 
seven other cultures varried from 0.0001 to 0.0004 per 
cent. Five freshly isolated bacteria of the naso-pharyn- 
geal tract were inhibited by 0.002 to 0.007 per cent; 
Neisseria catarrhalis was inhibited by 0.0003 per cent. 
The addition of organic colloidal material, such as 
skim milk, raised the inhibitory doses against all ex- 
cept Streptococcus salivarius. The bacteriostasis was 
reduced when the reaction of the medium was lowered 
to pH 6.0 and intensified at pH 7.5; none of the bac- 
teria grew in treated broth of pH 8.0. Increasing the 
inoculum from the standard 3 mm loop volume to 
0.1 ml did not greatly increase the bacteriostatic dose. 
The bactericidal doses, lethal in 10 minutes, were from 
3.5 to 16 times the critical bacteriostatic concentrations. 

REFERENCES 

Breep, R. 8., Murray, E. G. D., anp Hitcuens, A. P. 1948 
Bergey’s Manual of Determinative Bacteriology, 6th edi- 
tion, Williams & Wilkins Co., Baltimore, Md. 

Gray, P. H. H., anp Taytor, L. J. 1952 Can. J. Botany, 
30: 674-681. 

Mackig, T. J., anp McCartney, J. E. 1942 
Practical Bacteriology., 6th edition. 
burgh. 


Handbook of 
Livingstone, Edin- 





